FRM Part I Book 3: 
FINANCIAL MARKETS AND PRODUCTS 


FINANCIAL MARKETS AND PRODUCTS 

` 23: Introduction (Options, Futures, and Other Derivatives) 
24: Mechanics of Futures Markets 
25: Hedging Strategies Using Futures 
26: Interest Rates 
27: Determination of Forward and Futures Prices 
28: Interest Rate Futures 
29: Swaps 
30: Properties of Stock Options 
31: Trading Strategies Involving Options 
Interest Rate Caps and Floors 
32: Fundamentals of Commodity Spot and Futures Markets 
33: Commodity Forwards and Futures 
34: Foreign Exchange Risk 


35: Corporate Bonds 


CHALLENGE PROBLEMS 

CHALLENGE PROBLEM ANSWERS 

GARP FRM Practice Exam QUESTIONS 
GARP FRM Practice Exam ANSWERS 
FORMULAS 

APPENDIX 


INDEX 


©2012 Kaplan, Inc. 


Page 1 


Page 2 


FRM PART I BOOK 3: FINANCIAL MARKETS AND PRODUCTS 
©2012 Kaplan, Inc., d.b.a. Kaplan Schweser. All rights reserved. 
Printed in the United States of America. 

ISBN: 978-1-4277-3888-2 / 1-4277-3888-2 

PPN: 3200-2109 


Required Disclaimer: GARP® does not endorse, promote, review, or warrant the accuracy of the products or 
services offered by Kaplan Schweser of FRM® related information, nor does it endorse any pass rates claimed 
by the provider. Further, GARP® is not responsible for any fees or costs paid by the user to Kaplan Schweser, 
nor is GARP® responsible for any fees or costs of any person or entity providing any services to Kaplan 
Schweser. FRM®, GARP®, and Global Association of Risk Professionals™ are trademarks owned by the 
Global Association of Risk Professionals, Inc. 


GARP FRM Practice Exam Questions are reprinted with permission. Copyright 2011, Global Association of 
Risk Professionals. All rights reserved. 

These materials may not be copied without written permission from the author. The unauthorized duplication 
of these notes is a violation of global copyright laws. Your assistance in pursuing potential violators of this law is 
greatly appreciated. 

Disclaimer: The Study Notes should be used in conjunction with the original readings as set forth by GARP®. 
The information contained in these Study Notes is based on the original readings and is believed to be accurate. 
However, their accuracy cannot be guaranteed nor is any warranty conveyed as to your ultimate exam success. 


©2012 Kaplan, Inc. 


The following is a review of the Financial Markets and Products principles designed to address the AIM 
statements set forth by GARP®. This topic is also covered in: 


INTRODUCTION (OPTIONS, FUTURES, AND 
OTHER DERIVATIVES) 


Topic 23 
Exam Focus 


In this topic, we present the basic concepts of derivative securities and derivative markets. For 
the exam, know the basic derivative terms as well as the terms related to derivative markets. 
Also, be able to compute payoffs for the different derivative securities and be able to create 

a hedge and know how to take advantage of an arbitrage situation. As indicated by the title, 
this topic provides an introduction to the upcoming derivatives material. 


DERIVATIVE MARKETS 


AIM 23.1: Differentiate between an open outcry system and electronic trading. 


An open outcry system and electronic trading system are different forms of trading 
securities (matching buyers with sellers). The open outcry system (e.g., CBOT) is the more 
traditional system, which involves traders actually indicating their trades through hand 
signals and shouting. Electronic trading does not involve an actual “physical” exchange 
location, but rather involves matching buyers and sellers electronically via computers 

(e.g., NASDAQ). 


AIM 23.2: Describe the over-the-counter market and how it differs from trading 
on an exchange, including advantages and disadvantages. 


An over-the-counter (OTC) market differs from a traditional exchange. It is a customized 
trading market which utilizes telephone and computers to make trades. This market 
typically involves much larger trades than traditional exchanges. The most typical OTC 
trade is conducted over the phone. Since terms are not specified by an “exchange,” 
participants have more flexibility to negotiate the most mutually agreeable or attractive 
trade. 


The OTC market is several times the size of the traditional exchange market. For example, 
in 2007, the OTC market was over $500 trillion, while the exchange-traded market was 
under $100 trillion. 


Advantages of over-the-counter trading: 


e ‘Terms are not set by any exchange. 
e Participants have flexibility to negotiate. 
e In the event of a misunderstanding, calls are recorded. 
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Disadvantages of over-the-counter trading: 


e OTC trading has more credit risk than exchange trading. Exchanges are organized in 
such a way that credit risk is eliminated. 


Basics OF DERIVATIVE SECURITIES 


AIM 23.3: Differentiate between options, forwards, and futures contracts. 


An option contract is a contract that, in exchange for the option price, gives the option 
buyer the right, but not the obligation, to buy (sell) an asset at the exercise price from 

(to) the option seller (buyer) within a specified time period, or depending on the type of 
option, a precise date (i.e., expiration date). A call option gives the option holder the right 
to purchase the underlying asset by a certain specified date for a specified (in advance) price. 
A put option gives the option holder the right to sell the underlying asset by a selected date 
for a pre-selected price. 


A forward contract is a contract that specifies the price and quantity of an asset to be 
delivered sometime in the future. There is no standardization for forward contracts, 

and these contracts are traded in the over-the-counter market. One party takes the long 
position, agreeing to purchase the underlying asset at a future date for a specified price, 
while the other party is the short, agreeing to sell the asset on that same date for that same 
price. Forward contracts are often used in foreign exchange situations as these contracts can 
be used to hedge foreign currency risk. 


A futures contract is a more formalized, legally binding agreement to buy/sell a commodity/ 
financial instrument in a pre-designated month in the future, at a price agreed upon today 
by the buyer/seller. Futures contracts are highly standardized regarding quality, quantity, 
delivery time, and location for each specific commodity. These contracts are typically traded 
on an exchange. 


Professors Note: Remember that a futures contract is an obligation/promise to 
actually complete a transaction, while an option is simply the right to buy/sell. 


AIM 23.4: Calculate and identify option and forward contract payoffs. 


Call Option Payoff 
The payoff on a call option to the option buyer is calculated as follows: 


C, = max (0, Sp- X) 


where: 

Cy = payoff on call option 
Sy = stock price at maturity 
X = strike price of option 
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The payoff to the option seller is -C+ [i.e., -max (0, S+ — X)]. We should note that 
max (0, S,- X), where time, ż, is between 0 and T, is also the payoff if the owner decides to 
exercise the call option early (in the case of an American option as we will discuss later). 


The price paid for the call option, Cp, is referred to as the call premium. Thus, the profit to 
the option buyer is calculated as follows: 


profit = C.-C 
where: 


Cy = payoff on call option 
Cy = call premium 


Conversely, the profit to the option seller is: 
profit = Cy - Cr 
Figure 1 depicts the payoff and profit for the buyer and seller of a call option. 


Figure 1: Profit Diagram for a Call at Expiration 
Call Payoff/Profit 


premium = Cy se KS buyer profit = 
sean teste enege k SK- 
= , 


Seieceeecete Peers G 3E seller profit = 
— premium N i X- St +C 


X X + premium = 
breakeven stock price 
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Put Option Payoff 
The payoff on a put option is calculated as follows: 


P= max (0, X—S,) 
where: 
P = payoff on put option 
S; = stock price at maturity 
X = strike price of option 
The payoff to the option seller is -P+ [i.e., -max (0, X — S,)]. We should note that 


max (0, X — S), where 0 < t < T, is also the payoff if the owner decides to exercise the put 
option early. 


The price paid for the put option, P,» is referred to as the put premium. Thus, the profit to 
the option buyer is calculated as follows: 


profit = P,. — Py 
where: 
P.. = payoff on put option 
Py = put premium 
The profit to the option seller is: 
profit = P) — Pt 
Figure 2 depicts the payoff and profit for the buyer and writer of a put option. 


Figure 2: Profit Diagram for a Put at Expiration 


Put Payoff/Profit 


buyer profit ean Se 
X-Sr-Py $ 


premium = P, 


seller profit = 


Sr-X+P, T 2 


— premium 


breakeven stock price = xX 
X — premium 
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Example: Calculating profit and payoffs from options ania 
Compute the payoff and profit-to a call buyer, a call writer, put buyer, and put writer nee 


if the strike price for both the put and the call is $45, the stock price is $50, the call `; 
premium is $3.50, and the put premium is $2.50. 


Answer: i 


Call buyer: 
payoff = Cy = max (0, S= -X= max ©, $50 $45) = $5 
profit = Cr- Cy = $5 — $3.50 = $1.50 


Call writer: 
payoff = -C= = —max (0, Sq — X) =—max (0, $50 — += =-$5 
5 Po o ig $3.50 — m aN: ae: 


nites: See See a 
payoff = P. = max 0,3 X- sje max: (0, $45 — $50) = $0 
- profit = Pp- Po = $0 — $2.50 =-$2.50 


“Put writer ist l l 
payoff = -P= =—max: J, Xx- “Sy = —max <0 $45- yeu so 
profit = Py — a 50- ae = $2. DO er Sree 
Forward Contract Payoff 
The payoff to a long position in a forward contract is calculated as follows: 
payoff = Sp- K 


where: 
Sy; = spot price at maturity 
K = delivery price 


Conversely, the payoff to a short position in a forward contract is calculated as follows: 


payoff = K- Sr 
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Figure 3 depicts the payoff for the long and short positions in a forward contract. 


Figure 3: Forward Contract Payoff 


Payoff 


Long Position 


- --- -= Short Position 


HEDGING STRATEGIES 


AIM 23.5: Describe, contrast, and calculate the payoffs from hedging strategies 
involving forward contracts and options. 


Hedgers use forward contracts and options to reduce or eliminate financial exposure. An 
investor or business with a long exposure to an asset can hedge exposure by either entering 
into a short futures contract or by buying a put option. An investor or business with a short 
exposure to an asset can hedge exposure by either entering into a long futures contract or by 
buying a call option. 
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Hedgers use forward contracts to lock in the price of the underlying security. Forward 
contracts do not require an initial investment, but hedgers give up any price movement 

that may have had positive results in the event that the position was left unhedged. Option 
contracts on the other hand function as insurance for the underlying by providing the 
downside protection that the hedger seeks and allowing for price movement in the direction 
that could yield positive results. This insurance does not come without a cost, as we 
described earlier, since hedgers are required to pay a premium to purchase options. 


Example: Hedging with a forward contract 


| Suppose | that a company based in the United n will receive-a payment of €10M i in 
three months. The company is worried that the euro will depreciate and is contemplating 
using a forward contract to hedge this risk. Compute the following: 


1. The value of the €10M i in U.S. dollars at. ‘maturity given that the company hedges th the 
= exchange rate risk with a forward contract at 1.25 “e ; 


2. -The value of the €10M in To) S. dollars at maturity- given that the company didr not 
Hoderi the exchange rate risk did the spot rate at T is 1.2 sie. ae 


Answer: 


l. The vaļue at maturity for the hedged position is: - 
€10,000,000 x 1.25 $/€ = $12,500,000 


2. The value at inaturity for the unhedged position is: 
` €10,000,000 x 1.2 $/€ = $12,000,000 | 
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SPECULATIVE STRATEGIES 


AIM 23.6: Describe, contrast, and calculate the payoffs from speculative strategies 
involving futures and options. 


Speculators have a different motivation for using derivatives than hedgers. They use 
derivatives to make bets on the market, while hedgers try to eliminate exposures. 


The motivation for using futures in speculation is that the limited amount of initial 
investment creates significant leverage. The amount of investment required for futures is the 
amount of the initial margin required by the exchange. This is generally a small percentage 
of the notional value of the underlying, and Treasury securities can typically be posted as 
margin. Futures contracts can result in large gains or large losses, and contract payoffs are 
symmetrical. 
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Options also create significant leverage as investors only need to pay the option premium to 
purchase an option instead of the face value of the underlying. Options differ from futures 
in that options have asymmetrical payoffs. Gains can be quite large going long options, but 
losses from long option positions are limited to the option premium. 


Sample Speciating “ith tures.. 


' Añ investor i belive that the:euro will strengthen against the dollar over the next three. 
: months and. would like to take a position: with a value of €250,000; He could purchase 
euros in the spot market at 0.80 $/€ or ‘putchase two futures contracts at 0.83. Sle witha an 

. initial. margin € of $10, 1000. Compute the profit f from. the following: 


-Purchasing et euros in n the € spot marker if the spot r rate: in. three months i is 0. 85 sie 


: 22 Purchasing eu euros in ae spot market if the spor rate in three months i ‘is. 0. 75 sse ss : 


EN Purchasing th the e fitus co contract: zif hes espor r rate. in ia the sl 
4 3 “Purchasing u he faires còntract, tif the spot rate, in hte month is 0; ae . Z a 5 
Be n oe o eG oe | 

-Profit = = €250, 000% * (0. 85. se- 0, 80  $/€) = $12,500. 


i Profit = = - €2504 000» x 0. 75 se- 0. 80 0816) i 1: 


Be. Profit = €250, 00 x (0.85 se- 0.83 $16) « $5 oo 
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ARBITRAGE OPPORTUNITIES 


AIM 23.7: Calculate an arbitrage payoff and describe how arbitrage opportunities 
are ephemeral (i.e., short-lived). 


Arbitrageurs are also frequent users of derivatives. Arbitrageurs seek to earn a risk-free 
profit in excess of the risk-free rate through the discovery and manipulation of mispriced 
securities. They earn a riskless profit by entering into equivalent offsetting positions in one 
or more markets. Arbitrage opportunities typically do not last long as supply and demand 
forces will adjust prices to quickly eliminate the arbitrage situation. 


“Exar mple: Arbitrage of stock trading on two exchanges pledge Steun wine ld fy 


possible: 


vi üe ae lats of DEF on TSE 20, 880 x 0.0105 ce 30 24 + 


ibina eur could purchase D DEF on TSE for $20. 24 and sell o on a NYSE for si ear 


Risk From DERIVATIVES 


AIM 23.8: Describe some of the risks that can arise from the (mis)use of 
derivatives. 


Derivatives are versatile and can be used for hedging, arbitrage, and pure speculation. 

If, however, the “bet” one makes starts going in the wrong direction, the results can be 
catastrophic. Additionally, the risk exists that a trader with instructions to hedge a position 
may actually use derivates to speculate. As was shown in Book 1, this risk is known as 
operational risk. Controls need to be carefully established and monitored within both 
financial and nonfinancial corporations to prevent misuse of derivatives. Risk limits should 
be set, and adherence to risk limits should be monitored. 
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CoMMON TERMS RELATED TO DERIVATIVES 


The following section discusses common terms associated with derivatives. Many of these 
terms have been mentioned earlier. Understanding these concepts will be helpful going 
forward as you progress through the derivatives material. 


A derivative security is a financial security (e.g., options) whose value is derived in part from 
another security’s characteristics or value. This other security is referred to as the underlying 
asset. A derivative effectively “derives” its price from some other variable. 


A market maker is the individual that “makes a market” in a security. The market maker 
maintains bid and offer prices in a given security and stands ready to buy or sell lots of said 
security, at publicly quoted prices. 


A spot contract is an agreement to buy/sell an asset today. A forward contract specifies the 
price/quantity of an asset to be delivered on or before a future pre-specified date. A futures 
contract is a legally binding agreement to buy/sell a commodity or financial instrument in a 
designated future month at a previously agreed upon price by the buyer/seller. 


A call option gives its holder the right to buy a specified number of shares of the underlying 
security at the given strike price, on or before the option contract's expiration date. A put 
option gives the investor the right to sell a fixed number of shares at a fixed price within a 
given pre-specified time period. An investor may wish to have the option to sell shares of a 
stock at a certain price and time in order to hedge an existing investment. 


An American-styled option contract can be exercised any time between issue date and 
expiration date. In contrast, a European-styled option contract may be exercised only on the 
actual expiration date. American options will be worth more than European options when 
the right to early exercise is valuable, and they will have equal value when it is not. 


A long position refers to actually owning the security, while a short position is when a 
person sells a security he does not own. An investor taking a short position anticipates a 


drop in price of the security. 


The exercise, or strike price, is the price at which the security underlying an options 
contract may be bought/sold. 


Expiration date is the last date on which an option may be exercised. 


The bid price is the “quoted bid,” or the highest price, which a dealer is willing to pay to 
purchase a security. This is essentially the available price at which an investor can sell shares 
of stock. The offer price is the price at which the security is offered for sale, also known as 
the “asking price.” The bid-ask spread is the difference between the ask (a.k.a. offer) price 
and the bid price. 


Hedgers reduce their risks typically through the use of forward contracts or options. By 
using forward contracts, the trader is attempting to neutralize risk by fixing the price the 
hedger will pay/receive for the underlying asset. Option contracts, in contrast, are more of 
an insurance policy. 
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Speculators want to take a position in the market and profit from this position. Speculators 
are effectively betting on future price movement. When a speculator uses futures, there is a 
large possible gain/loss. Speculating using options is less risky since the maximum loss is the 
cost of the option itself. 


Arbitrageurs take offsetting positions in financial instruments in order to lock in a riskless 


profit. 
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The open outcry system is the more traditional trading system; traders actually indicate 
their trades through hand signals. Electronic trading involves matching up buyers and 
sellers electronically. 


The over-the-counter (OTC) market is used for large trades, and a typical OTC trade 
is conducted over the phone. Terms are not set by an “exchange,” giving traders more 
flexibility to negotiate mutually agreeable terms. The OTC market has more credit risk. 
Exchanges are organized to eliminate credit risk. 


A forward contract is an agreement to buy or sell an asset at a pre-selected future time 
for a certain price. 


A futures contract is a more formalized, legally binding agreement to buy or sell a 
commodity or financial asset in a pre-designated month in the future, at a price agreed 
upon today by the buyer/seller. 


A call option gives its holder the right to buy a specified number of shares of the 
underlying security at the given strike price, on or before the option contract's 
expiration date, while a put option is the right to sell a fixed number of shares at a fixed 
price within a given pre-specified time period. 


An American-styled option contract can be exercised any time between issue date and 
expiration date, while a European-styled option contract is exercised only on the actual 
expiration date. 


Hedgers use derivatives to control or eliminate a financial exposure. Futures lock in 
the price of the underlying security and do not allow for any upside potential. Options 
hedge negative price movements and allow for upside potential since they have 
asymmetric payouts. 


Speculators use derivatives to make bets on the market. Futures require a small initial 
investment, which is the initial margin requirement. Futures contracts can result in 
large gains or large losses as futures have a symmetrical payout function. 


Arbitrageurs seek to earn a riskless profit through the discovery and manipulation of 
mispriced securities. Riskless profit is earned by entering into equivalent offsetting 
positions in one or more markets. Arbitrage opportunities do not last long as the act of 
arbitrage brings prices back into equilibrium quickly. 


Derivatives are versatile instruments and can be used for hedging, arbitrage, and pure 
speculation. Controls need to be carefully established to prevent misuse of derivatives. 
Risk limits must be carefully established and scrupulously enforced. 


The bid price is the “quoted bid,” or the highest price for which a dealer is willing 

to pay to purchase a security, while the offer price is the price at which the security is 
offered for sale, also known as the “asking price.” The bid-ask spread is the difference 
between the ask price and the bid price. 
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CONCEPT CHECKERS 


Which of the following statements is an advantage of an exchange trading system? 
On an exchange system: 

A. terms are not specified. 

B. trades are made in such a way as to reduce credit risk. 

C. participants have flexibility to negotiate. 

D. in the event of a misunderstanding, calls are recorded between parties. 


Which of the following statements regarding futures contracts is most likely correct? 
A business with a long exposure to an asset would hedge this exposure by either 
entering into a: 

A. long futures contract or by buying a call option. 

B. long futures contract or by buying a put option. 

C. short futures contract or by buying a call option. 

D. short futures contract or by buying a put option. 


Which of the following statements is least likely correct regarding the use of 

derivatives? 

A. Misuse of derivatives is not a very significant risk. 

B. Risk limits for derivatives should be set, and adherence to these limits should be 
monitored. 

C. Due to leverage inherent in derivatives, if a bet goes wrong, results can be 
catastrophic. 

D. There is a risk that traders may use derivatives for unintended purposes. 


An individual that maintains bid and offer prices in a given security and stands ready 
to buy or sell lots of said security is a(n): 

A. hedger. 

B. arbitrageur. 

C. speculator. 

D. market maker. 


An agreement sold over an exchange to buy/sell a commodity or financial instrument 
at a designated future date is known as a(n): 

A. spot contract. 

B. option contract. 

C. futures contract. 

D. forward contract. 
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B 


Exchanges are organized to reduce credit risk. The other answer choices are advantages of 
over-the-counter trading. 


A business with a long exposure to an asset would hedge the exposure by either entering into 
a short futures contract or by buying a put option. 


Misuse of derivatives can be a significant risk for firms that engage in derivatives trading. 


A market maker maintains bid and offer prices in a security and stands ready to buy or sell 
lots of the given security. 


A futures contract is an agreement sold on an exchange to buy/sell a commodity or financial 
instrument in a designated future month. 
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In this topic, candidates should focus on the terminology of futures markets, how futures 
differ from forwards, the mechanics of margin deposits, and the process of marking to 
market. Limit price moves, delivery options, and convergence of spot prices to futures prices 
are also likely exam topics. Learn the ways a futures position can be terminated prior to 
contract expiration and understand how cash settlement is accomplished by the final mark to 
market at contract expiration. 


AIM 24.1: Define and describe the key features of a futures contract, including the 
asset, the contract price and size, delivery and limits. 


AIM 24.10: Compare and contrast forward and futures contracts. 


Futures contracts are exchange-traded obligations to buy or sell a certain amount of an 
underlying good at a specified price and date. The underlying asset varies from agricultural 
products to stock indices. Most futures positions are not held to take delivery of the 
underlying good. Instead, they are closed out or reversed prior to the settlement date. 


The purchaser of a futures contract is said to have gone long or taken a long position, while 
the seller of a futures contract is said to have gone short or taken a short position. For 

each contract traded, there is a buyer and a seller. The long has contracted to buy the asset 
at the contract price at contract expiration, and the short has an obligation to sell at that 
price. Futures contracts are used by speculators to gain exposure to changes in the price of 
the asset underlying a futures contract. A hedger, in contrast, will use futures contracts to 
reduce exposure to price changes in the asset (i.e., hedge their asset price risk). An example 
is a wheat farmer who sells wheat futures to reduce the uncertainty about the price of wheat 
at harvest time. l 


Open interest is the total number of long positions in a given futures contract. It also equals 
the total number of short positions in a futures contract. An open interest of 200 would 
imply that there are 200 short positions in existence and 200 long positions in existence. 

It is possible, on any given day, for the trading volume on a contract to be higher than its 
open interest. 


TRADING FUTURES CONTRACTS 


To illustrate how a futures contract is created, let’s use a contract on gold as an example. 
Each contract represents 100 troy ounces and is quoted on a per-ounce basis. Suppose an 
investor instructs a broker to sell one futures contract on gold with an April delivery date. 
At about the same time another investor instructs a broker to buy an identical futures 
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contract. The seller of the futures contract has a short-futures position and is obligated to 
sell 100 ounces of gold at the futures price at contract expiration. The buyer of the futures 
contract has a long futures position and is obligated to buy 100 ounces of gold at the 
futures price at maturity. They agree on a price of $993.60 per ounce. The two parties in 
this example have no idea of one another's existence because the clearinghouse (discussed in 
AIM 24.4) takes the opposite side of every transaction. In the futures market there is always 
the same number of long and short positions. This means that if a long position wins, the 
corresponding short position loses. 


CHARACTERISTICS SPECIFIED IN A FUTURES CONTRACT 


Futures contracts are similar to forward contracts in that both allow for a transaction to take 
place at a future date at a price agreed upon today. The difference between the two is that 
forward contracts are private, customized contracts, while futures trade on an organized 
exchange and have terms that are highly standardized. When a new futures contract is 
introduced to the marketplace, the futures exchange must specify the exact terms of the 
contract. Futures contract characteristics specified by the exchange include the following: 


* Quality of the underlying asset. When the underlying asset for the contract is a financial 
asset, such as Japanese yen, the definition of the asset is straightforward. However, when 
the underlying asset is a commodity, there may be different levels of quality for that 
good available in the marketplace (e.g., different types of wheat). The futures exchange 
stipulates the quality of a good that will be acceptable for settling the contract. 

e Contract size. The contract size specifies the quantity of the asset that must be delivered 
to settle a futures contract (e.g., one grain contract = 5,000 bushels). 

¢ Delivery location. The exchange specifies the place where delivery will take place. 

e Delivery time. Futures contracts are referred to by the month in which delivery is to take 
place (e.g., a December corn contract). Some contracts are not settled by delivery but by 
payment in cash, based on the difference between the futures price and the market price 
at settlement. 

e Price quotations and tick size. The exchange determines how the price of a contract will 
be quoted as well as the minimum price fluctuation for the contract, which is referred to 
as the tick size. For example, grain is quoted in dollars per bushel, and the minimum tick 
size is 4 cent per bushel. Since a grain contract consists of 5,000 bushels, the minimum 
tick size is $12.50 (= 5,000 x $0.0025) per contract. 

e Daily price limits. The exchange sets the maximum price movement for a contract during 
a day. For example, wheat cannot move more than $0.20 from its close the preceding 
day, for a daily price limit of $1,000. When a contract moves down by its daily price 
limit, it is said to be limit down. When the contract moves up by its price limit, it is said 
to be limit up. 

e Position limits. The exchange sets a maximum number of contracts that a speculator may 
hold in order to prevent speculators from having an undue influence on the market. 
Such limits do not apply to hedgers. 
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FUTURES/SPOT CONVERGENCE 
AIM 24.2: Explain the convergence of futures and spot prices. 


The spot (cash) price of a commodity or financial asset is the price for immediate delivery. 
The futures price is the price today for delivery at some future point in time (i.e., the 
maturity date). The basis is the difference between the spot price and the futures price. 


basis = spot price — futures price 


As the maturity date nears, the basis converges toward zero. At expiration, the spot price 
must equal the futures price because the futures price has become the price today for 
delivery today, which is the same as the spot. Arbitrage will force the prices to be the same 
at contract expiration. 


OPERATION OF MARGINS 


AIM 24.3: Describe the rationale for margin requirements and explain how they 
work. 


Margin is cash or highly liquid collateral placed in an account to ensure that any trading 
losses will be met. Marking to market is the daily procedure of adjusting the margin account 
balance for daily movements in the futures price. The amount required to open a futures 
position is called the initial margin. The maintenance margin is the minimum margin 
account balance required to retain the futures position. When the margin account balance 
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falls below the maintenance margin, the investor gets a margin call, and he must bring the 
margin account back to the initial margin amount. The amount necessary to do this is 
called the variation margin. 


Depending on the client, brokers may require the posting of a balance in the margin 
account more than the maintenance margin requirements established by exchanges. For 
example, hedgers are usually required to post smaller margins than speculators. To ensure 
that the daily cash flows are withdrawn or contributed appropriately, the exchange has a 
clearinghouse. 


CLEARINGHOUSE 


AIM 24.4: Describe the role of a clearinghouse in futures transactions. 


Each exchange has a clearinghouse. The clearinghouse guarantees that traders in the futures 
market will honor their obligations. The clearinghouse does this by splitting each trade once 
it is made and acting as the opposite side of each position. The clearinghouse acts as the 
buyer to every seller and the seller to every buyer. By doing this, the clearinghouse allows 
either side of the trade to reverse positions at a future date without having to contact the 
other side of the initial trade. This allows traders to enter the market knowing that they 

will be able to reverse their position. Traders are also freed from having to worry about the 
counterparty defaulting since the counterparty is now the clearinghouse. In the history of 
U.S. futures trading, the clearinghouse has never defaulted on a trade. 
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The clearinghouse has members that collateralize it, ensuring that no defaults take place. All 
trades eventually go through the clearinghouse members, who must have a clearing margin 
posted at the clearinghouse in the same way an investor has a margin account with a broker. 
This ensures that the clearinghouse is liquid enough at all times to honor all obligations 
under futures contracts. 


COLLATERALIZATION 


AIM 24.5: Describe the role of collateralization in the over-the-counter market and 
compare it to the margining system. 


The over-the-counter (OTC) market includes the trading in all securities not listed on one 
of the registered exchanges. This market is subject to a good deal of credit risk since the 
party on the other side of an OTC contract could default on its payments. One way to 
reduce this credit risk is by means of collateralization. Collateralization is basically a marked 
to market feature for the OTC market where any loss is settled in cash at the end of the 
trading day. A cash payment is made to the party with a positive account balance. This is 

a similar system to trading on margin where the futures trader needs to restore funds if the 
value of the contract drops below the maintenance margin. 


NORMAL AND INVERTED FuTURES MARKET 


AIM 24.6: Identify and describe the differences between a normal and inverted 
futures market. 


The settlement price is analogous to the closing price for a stock but is not simply the price 
of the last trade. It is an average of the prices of the trades during the last period of trading, 
called the closing period, which is set by the exchange. This feature of the settlement price 
prevents manipulation by traders. The settlement price is used to make margin calculations 
at the end of each trading day. 


Depending on the direction of futures settlement prices, the market may be normal or 


inverted. Increasing settlement prices over time indicates a normal market. Conversely, 
decreasing settlement prices over time indicates an inverted market. 
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‘THe DELIVERY PROCESS 


AIM 24.7: Describe the mechanics of the delivery process and contrast it with cash 
settlement. 


There are four ways to terminate a futures contract: 


1. 


Page 24 


A short can terminate the contract by delivering the goods, a long by accepting delivery 
and paying the contract price to the short. This is called delivery. The location for 
delivery (for physical assets), terms of delivery, and details of exactly what is to be 
delivered are all specified in the notice of intention to deliver file. Each exchange has 
specific rules as to the conditions for making an intent to deliver. However, the price 
paid or received will be dictated by the settlement period on the exchange-determined 
last trading day of the contract. 


In a cash-settlement contract, delivery is not an option. The futures account is marked 
to market based on the settlement price on the last day of trading. 


You may make a reverse, or offsetting, trade in the futures market. With futures, the 
other side of your position is held by the clearinghouse—if you make an exact opposite 
trade (maturity, quantity, and good) to your current position, the clearinghouse will net 
your positions out, leaving you with a zero balance. This is how most futures positions 
are settled. The contract price can differ between the two contracts. If you initially are 
long one contract at $970 per ounce of gold and subsequently sell (i.e., take the short 
position in) an identical gold contract when the price is $950 per ounce, $20 multiplied 
by the number of ounces of gold specified in the contract will be deducted from the 
margin deposit(s) in your account. The sale of the futures contract ends the exposure to 
future price fluctuations on the first contract. Your position has been reversed, or closed 
out, by a closing trade. 


A position may also be settled through an exchange for physicals. Here you find a 
trader with an opposite position to your own and deliver the goods and settle up 
between yourselves, off the floor of the exchange (i.e., an ex-pit transaction). This is the 
sole exception to the federal law that requires that all trades take place on the floor of 
the exchange. You must then contact the clearinghouse and tell them what happened. 
An exchange for physicals differs from a delivery in that the traders actually exchange 
the goods, the contract is not closed on the floor of the exchange, and the two traders 
privately negotiate the terms of the transaction. Regular delivery involves only one 
trader and the clearinghouse. 
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TYPES OF ORDERS 


AIM 24.8: Define and demonstrate an understanding of the impact of different 
order types, including: market, limit, stop-loss, stop-limit, market-if-touched, 
discretionary, time-of-day, open, and fill-or-kill. 


There are several different types of orders in the marketplace: 


Market orders are orders to buy or sell at the best price available. A discretionary order is a 
market order where the broker has the option to delay transaction in search of a better price. 


Limit orders are orders to buy or sell away from the current market price. A Limit buy order 
is placed below the current price. A limit sell order is placed above the current price. Limit 
orders have a time limit, such as instantaneous, one day, one week, one month, or good till 
canceled. Limit orders are turned over to the specialist by the commission broker. 


Stop-loss orders are used to prevent losses or to protect profits. Suppose you own a stock 
currently selling for $40. You are afraid that it may drop in price, and if it does, you want 
your broker to sell it, thereby limiting your losses. You would place a stop loss sell order at a 
specific price (e.g., $35); if the stock price drops to this level, your broker will place a sell 
market order. A stop loss buy order is usually combined with a short sale to limit losses. If the 
stock price rises to the “stop” price, the broker enters a market order to buy the stock. 


Variations on these order types also exist. Stop-limit orders are a combination of a stop and 
limit order. The stop price and limit price must be specified, so that once the stop level is 
reached, or bettered, the order would turn into a limit order and hopefully transact at the 
limit price. Market-if-touched orders, or MIT orders, are orders that would become market 
orders once a specified price is reached in the marketplace. 


For those orders that remain outstanding until the designated price range is reached, the 
trader making the order needs to indicate the time period for the order (time-of-day order). 
Good-till-canceled (GTC) orders (a.k.a. open orders) are orders that remain open until 
they either transact or are canceled. A popular method of submitting a limit order is to have 
it automatically canceled at the end of the trading day in which it was submitted. Fill-or-kill 
orders must be executed immediately or the trade will not take place. 


REGULATORY, ACCOUNTING, AND Tax FRAMEWORKS 


AIM 24.9: Describe the regulatory, accounting, and tax framework for the U.S. 


Regulation 


In the United States, the Commodity Futures Trading Commission (CFTC) is responsible 
for regulating futures markets. The CFTC licenses futures exchanges as well as traders who 
offer futures trading services to the public. It also approves new futures contracts and any 
revisions to existing futures contracts. When approving contracts, the agency ensures that 
each contract serves a useful economic purpose (e.g., for either hedging or speculating). 
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In addition, the CFTC is responsible for communicating prices to the public, addressing 
public complaints, and taking disciplinary actions against members who violate futures 
exchange rules. 


Other regulatory bodies that influence the futures markets include the National Futures 
Association (NFA), the Securities and Exchange Commission (SEC), the Federal Reserve 
Board, and the U.S. Treasury Department. The SEC, Fed, and Treasury Department are 
mainly concerned with how futures trading impacts spot market trading in stocks and 
bonds. The NFA has a more prominent role by attempting to prevent fraud and ensuring 
that futures markets operate in the best interests of the public. Examples of futures trading 
fraud include cornering the market (i.e., taking excessive long positions while influencing 
the supply of the commodity underlying the long futures contracts) and front running 
(traders using privileged information to trade in their own accounts before customer 
accounts). 


Accounting 


When accounting for changes in the market value of a futures contract, changes must be 
recognized when they occur. The exception to this accounting standard is when a futures 
contract is being used for hedging purposes. Hedge accounting specifies that gains/losses 
from a hedging instrument be recognized in the same period as gains/losses from the asset 
being hedged. 


Under FAS 133 [Financial Accounting Standard Board (FASB) Statement No. 133], the fair 
market value of all derivative contracts must be included on the balance sheet. In addition 
to more position transparency, FAS 133 places stricter guidelines on the use of hedge 
accounting. To use this accounting method, it must be shown that the hedging instrument 
frequently and effectively offsets the intended risk exposure. 


Taxes 


Regarding U.S. tax regulations, differences arise due to the nature of taxable gains/losses 
and the timing of realized gains/losses. For corporate taxpayers, capital gains are taxed 
at the same level as ordinary income and capital losses are restricted. For non-corporate 
taxpayers, capital gains are taxed at the same level as ordinary income, but long-term 
gains (investments held over one year) are subject to a maximum 15% tax rate. Another 
difference is that capital losses are deductible for non-corporate taxpayers. 


For tax purposes, futures contracts are considered closed out at the end of each year. This 
gives rise to a 60/40 rule for non-corporate taxpayers where capital gains/losses are treated 
as 60% long term and 40% short term. This rule, however, does not apply to hedging 
activities. Using futures for hedging purposes must be declared on the same day the 
transaction is entered. Gains/losses on hedging transactions are taxed at the same rate as 
ordinary income. 
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Key CONCEPTS 


l. 


A long (short) futures position obligates the owner to buy (sell) the underlying asset at 
a specified price and date. 


Most futures positions are reversed (or closed out) as opposed to satisfying the contract 


by making (or taking) delivery. 


Futures are traded on margin (leveraged): 

e Initial margin is the necessary collateral to trade the futures. 

e Maintenance margin is the minimum collateral amount required to retain trading 
privileges. 

e Variation margin is the collateral amount that must be deposited to replenish the 
margin account back to the initial margin. 


The futures market is a zero-sum game in that the short’s losses are the long’s gains and 
vice versa. Gains and losses due to changes in futures prices are computed at the end of 
each trading day in a process known as marking to market. 


The clearinghouse maintains an orderly and liquid market by acting as the 
counterparty to each long or short futures position. 


Several different types of orders exist in the marketplace including: market, limit, 
stop-loss, stop-limit, and market-if-touched orders. 


The Commodity Futures Trading Commission (CFTC) is responsible for regulating 
futures markets. 


When accounting for changes in the market value of a futures contract, changes must 
be recognized when they occur. 


For corporate taxpayers, capital gains on futures are taxed at the same level as ordinary 
income. For non-corporate taxpayers, capital gains are taxed at the same level as 
ordinary income, but long-term gains are subject to a maximum 15% tax rate. 
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CONCEPT CHECKERS 


l. When an investor is obligated to buy the underlying asset in a futures position, it is a: 
A. basis trade. i 
B. long-futures position. 
C. short-futures position. 
D. hedged-futures position. 


2. Which of the following are characteristics specified by a futures contract? 


I. Asset quality and asset quantity. 
II. Delivery arrangements and delivery time. 


A. Tonly. 

B. II only. 

C. Both I and II. 
D. Neither I nor II. 


3. An investor enters into a short position in a gold futures contract with the following 
characteristics: 
¢ The initial margin is $3,000. 
e The maintenance margin is $2,250. 
¢ The contract price is $1,300. 
¢ Each contract controls 100 troy ounces. 


If the price drops to $1,295 at the end of the first day and $1,290 at the end of the 
second day, which of the following is closest to the variation margin required at the 
end of the second day? 


A. $0. 
B. $250. 
C. $500. 
D. $1,000. 
4. Which of the following items are functions of the clearinghouse? 


I. Determine which contracts trade. 
II. Receive margin deposits from brokers. 


A. Ionly. 

B. II only. 

C. Both I and IIL. 
D. Neither I nor II. 


5. It is possible that which of the following types of orders may never be executed? 
A. Limit orders. 
B. Market-if-touched (MIT) orders. 
C. Stop-limit orders. 
D. All of the above. 
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CONCEPT CHECKER ANSWERS 


1. 


B 


When an investor is obligated to buy the underlying asset in a futures position, it is a long 
futures position. 


Delivery time, asset quality, asset quantity, and delivery arrangements are all characteristics 
specified by the futures contract. 


Note that the investor in this question has a short position that profits from price declines. 
The short position margin account has increased by $1,000 over the two days, so there is no 
variation margin required. 


The clearinghouse acts as buyer to every seller and seller to every buyer, thus virtually 
eliminating default risk. It also collects margin payments from clearing members (brokers). 


Determining which contracts will trade is a function of the exchange, not the clearinghouse. 


All of these orders require that the price reach a certain range before being activated. If the 
price never reaches that range, the order will never be activated. 


©2012 Kaplan, Inc. Page 29 


Page 30 


The following is a review of the Financial Markets and Products principles designed to address the AIM 
statements set forth by GARP®. This topic is also covered in: 


HEDGING STRATEGIES USING FUTURES 


Topic 25 
Exam Focus 


Futures contracts are used extensively for implementing hedging strategies. This topic 
presents the calculations for determining the optimal hedge ratio and shows how to use it 
to determine the number of futures contracts necessary to hedge a spot market exposure. 
This topic also addresses basis risk, the change in the relationship between spot prices and 
futures prices over a hedge horizon. Basis risk arises because an asset being hedged may not 
be exactly the same as the asset underlying the futures contract. 


Hepeine Wrru FUTURES 


AIM 25.1: Define and differentiate between short and long hedges and identify 


appropriate uses. 


A short hedge occurs when the hedger shorts (sells) a futures contract to hedge against a 
price decrease in the existing long position. When the price of the hedged asset decreases, 
the short futures position realizes a positive return, offsetting the decline in asset value. 
Therefore, a short hedge is appropriate when you have a long position and expect prices to 
decline. 


A long hedge occurs when the hedger buys a futures contract to hedge against an increase in 
the value of the asset that underlies a short position. In this case, an increase in the value of 

the shorted asset will result in a loss to the short seller. The objective of the long hedge is to 

offset the loss in the short position with a gain from the long futures position. A long hedge 
is therefore appropriate when you have a short position and expect prices to rise. 


Advantages and Disadvantages of Hedging 


AIM 25.2: Describe the arguments for and against hedging and the potential 
impact of hedging on firm profitability. 


The objective of hedging with futures contracts is to reduce or eliminate the price risk of 
an asset or a portfolio. For example, a farmer with a large corn crop that will be harvested 
in a few months could wait until the end of the growing season and sell his corn at the 
prevailing spot price, or he could sell corn futures and “lock in” the price of his corn at 

a predetermined rate. By taking a short position in a corn futures contract, the farmer 
eliminates—or at least reduces—exposure to fluctuating corn prices. This is an example of a 
short hedge, where the user locks in a future selling price. 
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Alternatively, a cereal company will need to purchase corn in the future. The company 
could wait to buy corn in the spot market and face the volatility of future corn spot prices 
or lock in its purchase price by buying corn futures in advance. This demonstrates an 
anticipatory hedge. The cereal company has an anticipated need for corn and buys corn 
futures to lock in the price of those future corn purchases. This is an example of a long 
hedge, where the user locks in a future purchasing price. 


It is easy to see that the benefit from hedging leads to less uncertainty regarding future 
profitability. However, there are some arguments against hedging. The main issue is that 
hedging can lead to less profitability if the asset being hedged ends up increasing in value. 
The increase in value will be offset by a corresponding loss in the futures contract used for 


the hedge. 


Another argument against hedging is the questionable benefit that accrues to shareholders. 
Clearly, hedging reduces risk for a company and its shareholders, but there is reason to 
believe that shareholders can more easily hedge risk on their own. A third argument deals 
with the nature of the hedging company’s industry. For example, assume that prices in an 
industry frequently adjust for changes in input prices and exchange rates. If competitors 
do not hedge, then there is an incentive to keep the status quo. In this way, the company 
ensures that profitability will remain more stable than if it were to hedge frequent changes. 


Basis Risk 


AIM 25.3: Define the basis and the various sources of basis risk, and explain how 
basis risks arise when hedging with futures. 


AIM 25.4: Define cross hedging, and compute and interpret the minimum 
variance hedge ratio and hedge effectiveness. 


When all of the existing position characteristics match perfectly with those of the futures 
contract specifications, we have a perfect hedge. With a perfect hedge, the loss on a hedged 
position will be perfectly offset by the gain on the futures position. Perfect hedges are not 
very common. There are two major reasons why this is so: (1) the asset in the existing 
position is often not the same as that underlying the futures (e.g., we may be hedging a 
corporate bond portfolio with a futures contract on a U.S. Treasury bond), and (2) the 
hedging horizon may not match perfectly with the maturity of the futures contract. The 
existence of either one of these conditions leads to what is called basis risk. 


The basis in a hedge is defined as the difference between the spot price on a hedged asset 
and the futures price of the hedging instrument (e.g., futures contract). Basis is calculated 
as: 


basis = spot price of asset being hedged — futures price of contract used in hedge 


When the hedged asset and the asset underlying the hedging instrument are the same, the 
basis will be zero at maturity. 
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Professors Note: This is the typical definition for basis (where basis equals spot 
price minus futures price). However, basis is also sometimes defined as: futures 
price minus spot price, mostly when dealing with financial asset futures. 


When the spot price increases faster than the futures price over the hedging horizon, basis 
increases and a strengthening of the basis is said to occur. When the futures price increases 
faster than the spot price and the basis decreases, a weakening of the basis occurs. When 
hedging, a change in basis is unavoidable. The change in basis over the hedge horizon is 
termed basis risk, and it can work either for or against a hedger. 


To minimize basis risk, hedgers should select the contract on an asset that is most highly 
correlated with the spot position and a contract maturity that is closest to the hedging 
horizon. Contract liquidity must also be considered when selecting a futures contract for 


hedging. 


Three sources of basis risk are: (1) interruption in the convergence of the futures and spot 
prices, (2) changes in the cost of carry, and (3) imperfect matching between the cash asset 
and the hedge asset. Let’s discuss each of these sources in more detail. 


1. Interruption in the convergence of the futures and spot prices. Normally, spot prices and 
futures prices will converge as the time to maturity decreases, and basis reduces to zero 
at maturity. However, if the position is unwound prior to maturity, the return to the 
futures position could be different from the return to the cash position. A more rapid 
convergence results in a more rapid transfer of margin payments, while a less rapid 
convergence would delay payments. An interruption in the convergence could result in 
payments from the seller to the buyer. All of these effects are types of basis risk. 


2. Changes in the cost of carry. Significant basis risk can arise due to changes in the 
components of the cost of carry. The cost of carry includes storage and safekeeping, 
interest, insurance, and related costs. Perhaps the most volatile of these costs is interest 
costs. An increase in the interest rates increases the opportunity cost of holding the 
asset, so the cost of carry and, hence, the basis of the contract rises. 


3. Imperfect matching between the cash asset and the hedge asset. Sometimes it may be more 
efficient to cross hedge or hedge a cash position with a hedge asset that is closely related 
but different from the cash asset. For example, Eurodollar deposits are closely related to 
T-bill rates and may be considered a good hedge. However, if there is a structural shock 
that changes the close relationship of these two assets, the position may not be hedged 
as effectively as originally believed. This is the most common form of basis risk. Other 
forms of mismatch include maturity or duration mismatches, liquidity mismatches, and 
credit risk mismatches: 

° Maturity or duration mismatch. Hedging a portfolio of mortgages with 10-year 
Treasury notes (T-notes) may seem reasonable if the effective duration of the 
mortgages matches the duration of the T-notes. However, if rates fall and the 
mortgages prepay faster (resulting in a shorter duration), the position will not be 
matched. 

° Liquidity mismatch. Hedging an illiquid asset with a more liquid one will result in 
greater basis risk. Although over the long term the prices may be comparable, the 
difference in liquidity may result in large gaps between the pricing of the two assets. 
Hence, basis risk is inversely proportional to the liquidity of the hedged asset. 
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e Credit risk mismatch. The widening or narrowing of credit spreads constitutes 
another form of basis risk when the credit risk of the hedged asset is different (or 
becomes different) from the credit risk of the hedge instrument. 


All of these represent basis risk. The size and type of basis risk can vary during the term of 
the contract, even if the position is perfectly hedged at maturity. 


The Optimal Hedge Ratio 


We can account for an imperfect relationship between the spot and futures positions by 
calculating an optimal hedge ratio that incorporates the degree of correlation between the 
rates. 


A hedge ratio is the ratio of the size of the futures position relative to the spot position. 
The optimal hedge ratio, which minimizes the variance of the combined hedge position, is 
defined as follows: 


Oo 
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This is also the beta of spot prices with respect to futures contract prices since: 
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where: 

Psp =the correlation between the spot prices and the futures prices 
Oç = the standard deviation of the spot price 

Oop = the standard deviation of the futures price 
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The effectiveness of the hedge measures the variance that is reduced by implementing the 
optimal hedge. This effectiveness can be evaluated with a coefficient of determination (R?) 
term where the independent variable is the change in futures prices and the dependent 

iable is the ch i ices. Recall that R? h dness-of-fit of 
variable is the change in spot prices. Recall that Rê measures the goodness-of-fit of a 
regression. As shown previously, the beta of spot prices with respect to futures prices is equal 
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to the hedge ratio (HR), which is also the slope of this regression. The R? measure for this 
simple linear regression is the square of the correlation coefficient (p?) between spot and 
futures prices. 


Hepeine WITH Stock INDEX FUTURES 


AIM 25.5: Define, compute and interpret the optimal number of futures contracts 
needed to hedge an exposure, including a “tailing the hedge” adjustment. 


A common hedging application is the hedging of equity portfolios using futures contracts 
on stock indices (index futures). In this application, it is important to remember that the 
hedged portfolio’s beta serves as a hedge ratio when determining the correct number of 
contracts to purchase or sell. The number of futures contracts required to completely hedge 
an equity position is determined with the following formula: 


portfolio value 


number of contracts = Bportfolio X 
value of futures contract 


portfolio value 


= portfolio % ; =p 
futures price X contract multiplier 


Tailing the Hedge 


A hedger may actually over-hedge the underlying exposure if daily settlement is not properly 
accounted for. To correct for the possibility of over-hedging, a hedger can implement a 
tailing the hedge strategy. The extra step needed to carry out this strategy is to multiply 

the hedge ratio by the daily spot price to futures price ratio. In practice, it is not efficient to 
adjust the hedge for every daily change in the spot-to-futures ratio. 
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Adjusting the Portfolio Beta 


AIM 25.6: Demonstrate how to use stock index futures contracts to change a stock 
. 3 5 
portfolio’s beta. 


Hedging an existing equity portfolio with index futures is an attempt to reduce the 
systematic risk of the portfolio. If the beta of the capital asset pricing model is used as the 
systematic risk measure, then hedging boils down to a reduction of the portfolio beta. Let 

2 be our portfolio beta, 8* be our target beta after we implement the strategy with index 
futures, P be our portfolio value, and A be the value of the underlying asset. To compute the 
appropriate number of futures, we use the following equation: 


number of contracts = (8* — 8)— 


This equation can result in either positive or negative values. Negative values indicate selling 
futures (decreasing systematic risk), and positive values indicate buying futures contracts 
(increasing systematic risk). 


: Suppose we have a well- diversified, $100 miliga equity portfolio. The pötifolio betas: 
_telative to the S&P 500 is 1.2. The current value of the S&P.500 Index is 1,080. The. DR 


“portfolio manager wants to-completely “hedge the systematic tisk of the: portfolioover Sere 


the next three months using! S&P: 300 Index fine Demonstrate’ how-to adjust the 
Porn beta. 7 3 
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ROLLING A HEDGE FORWARD 


AIM 25.7: Describe what is meant by “rolling the hedge forward” and discuss 
some of the risks that arise from such a strategy. 


When the hedging horizon is long relative to the maturity of the futures used in the hedging 
strategy, hedges have to be rolled forward as the futures contracts in the hedge come to 
maturity or expiration. Typically, as a maturity date approaches, the hedger must close out 
the existing position and replace it with another contract with a later maturity. This is called 


rolling the hedge forward. 


When rolling a hedge forward, hedgers are not only exposed to the basis risk of the original 
hedge, they are also exposed to the basis risk of a new position each time the hedge is rolled 
forward. This is referred to as rollover basis risk, or simply rollover risk. 
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Key CONCEPTS 


Hedging may be achieved by shorting futures to protect an underlying position against 
price deterioration or by buying futures to hedge against unanticipated price increases 
in an underlying asset. 


Basis risk is the risk that a difference may occur between the spot price of a hedged 
asset and the futures price of the contract used to implement the hedge. 


Basis risk is zero only when there is a perfect match between the hedged asset and the 
contract’s underlying instrument in terms of maturity and asset type. 


A hedge ratio is the ratio of the size of the futures position relative to the spot position 
necessary to provide a desired level of protection. 


When hedging an equity portfolio with a short position in stock index futures, the beta 
of the portfolio is reduced. 


When the hedging horizon is longer than the maturity of the futures, the hedge must 
be rolled forward to retain the hedge. This exposes the hedger to rollover risk, the basis 
risk when the hedge is re-established. 
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CONCEPT CHECKERS 


Use the following data to answer Questions 1 and 2. 


An equity portfolio is worth $100 million with the benchmark of the Dow Jones Industrial 
Average. The Dow is currently at 10,000, and the corresponding portfolio beta is 1.2. The 
futures multiplier for the Dow is 10. 


l. 
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Which of the following is the closest to the number of contracts needed to double 
the portfolio beta? 


A. 1,100. 
B. 1,168. 
C. 1,188. 
D. 1,200. 


To cut the beta in half, the correct trade is: 
A. long 600 contracts. 

B. short 600 contracts. 

C. long 1,200 contracts. 

D. short 1,200 contracts. 


Which of the following situations describe a hedger with exposure to basis risk? 


I. A portfolio manager for a large-cap growth fund knows he will be receiving a 
significant cash investment from a client within the next month and wants to 
pre-invest the cash using stock index futures. 

II. A farmer has a large crop of corn he is looking to sell before June 30. The 
farmer uses a June futures contract to lock in his sales price. 


A. Tonly. 

B. IL only. 

C. Both I and II. 
D. Neither I nor IL 


The standard deviation of price changes in a wheat futures contract is 0.6, while the 
standard deviation of changes in the price of wheat is 0.75. The covariance between 
the spot price changes and the futures price changes is 0.3825. Which of the 
following is closest to the optimal hedge ratio? 


A. 0.478. 
B. 0.850. 
C. 1.063. 
D. 1.250. 


A large-cap value equity manager has a $6,500,000 equity portfolio with a beta of 
0.92. An S&P 500 futures contract is available with a current value of 1,175 and a 
multiplier of 250. What position should the manager take to completely hedge the 
portfolio’s market risk? 
A. Short 20 contracts. 
B. Short 22 contracts. 
C. Short 24 contracts. 
D. Long 22 contracts. 
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CONCEPT CHECKER ANSWERS 


l. 


D 


(hip) 00,090 = 1.2x1,000 = 1,200 
10,000x10 


where beta = 1.2, target beta = 2.4, A = 10 x 10,000, P = $100 million 


100,000,000 
(0.6 — 1.2) 100000000 0:6 000 -600 
10,000x10 


where beta = 1.2, target beta = 0.6, A = 10 x 10,000, P = $100 million 


Both of these situations describe exposure to basis risk—the risk that the difference between 
the spot price and futures delivery price will change. The portfolio manager using futures to 
pre-invest the cash does not know the exact date he will receive the cash and may need to sell 
or hold the futures contract for a longer time period than intended. The farmer may need to 
sell his June futures contract early if he sells his corn earlier than the June futures expiration 
date. 


Notice in this problem, we were given the covariance but not the correlation. We can 
calculate the correlation using the formula learned back in the Quantitative Analysis 
material, as follows: 


= COV; r 0.3825 


P a O 


Now that we have our correlation value, we can calculate the minimum hedge ratio as: 


; C é 
08527] = 1.0625, or, directly, a = 0 eee = 1.0625 
0.60 op 0.6 
0.92 x 100 000 æ 20 contracts 
1,175x250 


Because the manager has a long position in the market, she will want to take a short position 
in the futures. 
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The following is a review of the Financial Markets and Products principles designed to address the AIM 
statements set forth by GARP®. This topic is also covered in: 


INTEREST RATES 


Topic 26 


Exam Focus 


Spot, or zero, rates are computed from coupon bonds using a method known as 
bootstrapping. Forward rates can then be computed from the spot or zero curve. For the 
exam, understand how to use the bootstrapping method and how to compute forward rates 
from spot rates. Also, be familiar with the discrete and continuous compounding methods. 
Note that the fixed income readings in Book 4 will provide more information on the 
calculation of spot and forward rates as well as constructing the spot and forward rate curves. 
Duration and convexity are also mentioned in this topic but will be discussed in much more 
detail in Book 4. 


Types oF RATES 


AIM 26.2: Describe Treasury Rates, LIBOR, Repo Rates, and what is meant by the 


risk-free rate. 


Three interest rates play a key role in interest rate derivatives: Treasury rates, LIBOR, and 
repo rates. Keep in mind that interest rates increase as the credit risk of the underlying 
instrument increases. 


e Treasury rates. Treasury rates are the rates that correspond to government borrowing in 
its own currency. They are considered risk-free rates. 

° LIBOR. LIBOR is the rate at which large international banks fund their activities. Some 
credit risk exists with LIBOR. 

e Repo rates. The “repo” or repurchase agreement rate is the implied rate on a repurchase 
agreement. In a repo agreement, one party agrees to sell a security to another with the 
understanding that the selling party will buy it back later at a specified higher price. The 
interest rate implied by the price differential is the repo rate. The most common repo is the 
overnight repurchase agreement. Longer-term agreements are called term repos. Depending 
on the parties and structure involved, there is some credit risk with repurchase agreements. 


Professors Note: You may see reference to an inverse floater (a.k.a. reverse floater) 
on the exam. Just know that an inverse floater is a debt instrument whose 

O coupon payments fluctuate inversely with the reference rate (e.g., LIBOR). For 
example, the inverse floaters coupon rate will increase when LIBOR decreases 
and vice versa. 


As mentioned, Treasury rates (such as T-bill and T-bond rates) are often considered the 
benchmark for nominal risk-free rates. However, derivative traders view these rates as being 
too low to be considered risk free (since part of the demand for these bonds comes from 
fulfilling regulatory requirements, which drives prices up and rates down). As a result, 
traders instead use LIBOR rates for short-term risk-free rates, because LIBOR better reflects 
a trader’s opportunity cost of capital. 
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CoMPOUNDING 


AIM 26.1: Calculate the value of an investment using daily, weekly, monthly, 
quarterly, semiannual, annual, and continuous compounding. Convert rates based 
on different compounding frequencies. 


Derivative pricing often uses a framework called continuous time mathematics. In this 
framework, it is assumed that returns are continuously compounded. This is a theoretical 
construct only, as returns cannot literally be compounded continuously. Fortunately, 
converting discrete compounding to continuous compounding is straightforward. 


If we have an initial investment of A that earns an annual rate R, compounded m times a 
year for 7 years, then it has a future value of: 


m 


mxn 
FV, = al + R) 


If our same investment is continuously compounded over that period, it has a future value of: 
FV, = Ae®*" 


For any rate, R, FV, will always be greater than FV,. The difference will decrease as m 
increases. In fact, as m becomes infinitely large, the difference goes to zero. 


In most circumstances rates are discretely compounded, so we need to find the continuously 
compounded rate that gives the same future value. Using the previous two equations, the 
goal is to solve the following: 


mxn 
al + R = AeRen 
m 


where: 
R, = the continuous rate 


We can solve for R, as: 
R. = mxinfi+ È| 
m 


We can also solve for R as: 


A —1 


R=m 


Professor's Note: In order to algebraically solve for R or R,, given one of 
the equations above, it is helpful to understand that e is the base of the 

O natural log (In). In other words, the natural log is the inverse function of 
the exponential function: e”® = In(e*) = x. So if you are given an equation 
such that R = &; x will be equal to: In(R). 
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The results for other compounding frequencies are shown in Figure 1. 


Figure 1: Compounding Frequencies and Returns 


m R, 
4 0.049690 
12 0.049896 
52 0.049976 


250 0.049995 


Notice that as m increases, the difference between the rates decreases. 


Sror (Zero) RATES AND BOND PRICING 


AIM 26.3: Calculate the theoretical price of a coupon paying bond using spot 


rates. 


Spot rates are the rates that correspond to zero-coupon bond yields. They are the 
appropriate discount rates for a single cash flow at a particular future time or maturity. Spot 
rates are also often called zero rates. Most interest rates that are observed in the market, such 
as coupon bond yields, are not spot rates. 
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Bond Pricing 


A coupon bond makes a series of cash flows. Each cash flow considered in isolation is 
equivalent to a zero-coupon bond. Using this interpretation, a coupon bond is a series of zero- 
coupon bonds, and its value, assuming continuous compounding and semiannual coupons, is: 


where: 

c =the annual coupon 

N =the number of semiannual payment periods 

Z% = the bond equivalent spot rate that corresponds to j periods (j/2 years) on a 


continuously compounded basis 


FV = the face value of the bond 


Don’t let this formula intimidate you. It simply says that the value of a bond is the present 
value of its cash flows, where each cash flow is discounted at the appropriate spot rate for its 
maturity. Notice that the negative sign on the rate just means that the coupon and principal 
payments are being discounted back to the present in a continuous fashion. The following 
example is a good illustration of the process. 


Example: Calculating bond price 


Compute the price of a $100 face value, 2-year, 4% semiannual coupon bond using the 
annualized spot rates in Figure 2. ; 


Figure 2: Spot Rates 
Maturity (Years) Spot Rate (%) 
0.5 2.5 
1.0 2.6 
1.5 2.7 
2.0 2.9 
Answer 
0,025 _ 0.026, _ 0.027 ~ 0029 g) 
_ B=|$2xe 2 |+|$2xe 2  |+l$2xe 2  |+|$102xe 2 _ |=$102.10 


Bond Yield 


The yield of a bond is the single discount rate that equates the present value of a bond to its 
market price. You can use a financial calculator to compute bond yield, as in the following 
example. 
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The bond’s par yield is the rate which makes the price of a bond equal to its par value. 
When the bond is trading at par, the coupon will be equal to the bond’s yield. 


BOOTSTRAPPING Spot RATES 


The theoretical spot curve is derived by interpreting each Treasury bond (T-bond) as a 
package of zero-coupon bonds. Using the prices for each bond, the spot curve is computed 
using the bootstrapping methodology. 


For example, suppose there is a T-bond maturing on a coupon date in exactly six months. 
Further assume that the bond is priced at 102.2969% of par and has a semiannual coupon 
of 6.125% How is the corresponding spot rate computed? In this case, this is truly a zero- 
coupon bond, since there is only one cash flow, which occurs in six months. Simply solve 
for z, in the bond valuation equation, given the price, as follows: 


A 
5102.2969 ~|$100+ 55229) ce 2 
Solving this for 2: 
z =—2xIn O =1.491% 
[s100+ 3 


The 6-month spot rate on a bond equivalent basis is 1.491%. Also note that the yield to 
maturity did not need to be computed in this case because the yield to maturity (YTM) and 
the spot rate are the same. 


How is the spot rate that corresponds to one year found? Suppose a T-bond that matures in 
one year is priced at 104.0469% of par and has a semiannual coupon of 6.25%. From the 
previous computation, the 6-month spot rate is known, so the bond valuation equation can 
be written as: 


_ 0.01491 re 
$104.0469 = sn., 2 +{s100+ 52> )x i 


=> z3 = 0.02136 = 2.136% 


The 1-year spot rate with continuous compounding is 2.136%. 
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l Example: Bootstrapping spot rates 


l Compute the cortesponding s spot: rate | curve using te information i in Figure 3. Note that 
eo ve already computed the agit two spot rates. 


| Figure 3: re 3: Input Information 1 to, Bootstra rap. Spot Rates. mee 


Price as a Chines PR ANREE Mavurisy : 
Percentage of Par : Period (Years) 
102.2969 6125n od 05 
104.0469 6.250. 2 1.0 
104.0000 - 5.250: Zoo: 1.5 
“103.5469 ` 4.750 4 20 
"Answer: | 


The spot rates derived by bootstrapping are shown in Figure 4. 


Figure 4: Bootstrapped Spot Rate Curve 


Price as a Semiannual Maturity 


Percentage of Par Oe K Period (Years) SP ¢ nee 
102.2969 6.125 1 0.5 1.491% 
104.0469 6.250 - 2 1.0 2.136% 
104.0000 5.250 3 1.5 ` 2.515% 
103.5469 4.750 4 2.0 2.915% 


An alternative verification is to use the spot rates to check if they result in the same 
prices using the bond valuation equation. For example, using the spot rates will ensure 
computation of the same price for the 2-year bond: 


0.01491 0.02136 0.02515 
x x —_———— x3 


l = 2 
$4.75 M OATS T $475, er Ne 


B=|——-xe 2 


0.02915 
[s100+ 42), xe 2 = $103.5469 


This results in a bond price of $103.5469. Notice that this is exactly the price of the 2-year 
bond. 
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ForwarpD RATES 


AIM 26.4: Calculate forward interest rates from a set of spot rates. 


Forward rates are interest rates implied by the spot curve for a specified future period. The 
spot rates in Figure 4 are the appropriate rates that an investor should expect to realize for 
various maturities. Suppose an investor is faced with the following two investments, which 
are based on the spot curve in Figure 4. 


1. Invest for two years at 2.915%. 
2. Invest for a year at 2.136% and then roll over that investment for another year at the 
forward rate. 


It does not matter which investment is chosen if they both offer the same return at the end 
of two years. This is the same as stating that both strategies give the same future value at the 
end of two years. Equating the two future values: 


0.02915 4 0.02136 7 R Forward 4-9 
e 2 =e 2 xe 2 
where: 
Reorward = the 1-year forward rate one year from now 


As we will show, for the two strategies to be equal, Reorward Must be 3.693%. 


We can simplify this calculation by using the following equation: 


R T2 -RyTy Tı 
R = +++ =R, +(R, -R, )x 
where: 
R; = the spot rate corresponding with T; periods 
Reorward = the forward rate between T, and T, 


For example, if the 1-year rate is 2.136% and the 2-year rate is 2.915%, the l-year forward 
rate one year from now is: 


R forward = 0.02915 + (0.02915 — 0.02136 l = 0.03694 = 3.694% 
2-1 


This is the same forward rate (with slight rounding error) that was calculated before. 


As a further example, consider the problem of finding the 1-year forward rate three years 
from now, given a 3-year spot rate of 7.424% and a 4-year spot rate of 8.216% (both 
continuously compounded annual rates). Based on the previous formula, the continuously 
compounded 1-year rate three years from now is: 


3 


0.08216 + (0.08216 — 0.07424) x re = 0.10592 
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With this equation, generalizations can be made between the shape of the spot curve and 
the forward curve. The second term is always positive for an upward-sloping spot curve. 
Therefore, when there is an upward-sloping spot curve, the corresponding forward rate 
curve is upward-sloping and above the spot curve. Similarly, when there is a downward- 
sloping spot curve, the corresponding forward-rate curve is downward-sloping and below 
the spot curve. 


ForRWARD RATE AGREEMENTS 


AIM 26.5: Value and calculate the cash flows from a forward rate agreement (FRA). 


A forward rate agreement (FRA) is a forward contract obligating two parties to agree 
that a certain interest rate will apply to a principal amount during a specified future time. 
Obviously, forward rates play a crucial role in the valuation of FRAs. The 7, cash flow of an 
FRA that promises the receipt or payment of Ry is: 

cash flow (if receiving Rg) = Lx(Rx -R)x (T, - T4) 

cash flow (if paying Rg) =Lx(R-Rę)x(T2-T) 


where: 

L = principal 

Rx = annualized rate on L, expressed with compounding period T, — T3 
R =annualized actual rate, expressed with compounding period T, — T3 


T; = time i, expressed in years 


The value of an FRA if we're receiving or paying is: 
value (if receiving Rg) = Lx (Rx — Reonward ) x (T: eT ) xe R2xTh 
value(if paying Rk) =LX(Rforwad ~ Rg )x(T2- Th) xe 8X? 


where: 


R forward = forward rate between T) and T3 


Note that R, is expressed as a continuously compounded rate. 
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DURATION 


AIM 26.6: Describe the limitations of duration and how convexity addresses some 


of them. 


AIM 26.7: Calculate the change in a bond’s price given duration, convexity, and a 
change in interest rates. 


The duration of a bond is the average time until the cash flows on the bond are received. 
For a zero-coupon bond, this is simply the time to maturity. For a coupon bond, its 
duration will be necessarily shorter than its maturity. The weights on the time in years until 
each cash flow is to be received are the proportion of the bond’s value represented by 
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each of the coupon payments and the maturity payment. The formula for duration using 
continuously compounded discounting of the cash flows is: 


ce "i 


n 
duration = Soy + __. 
i=l B 


where: 
t; = the time (in years) until cash flow c, is to be received 
y = the continuously compounded yield (discount rate) based on a bond price of B 


The usefulness of the duration measure lies in the fact that the approximate change in a 
bond’s price, B, for a parallel shift in the yield curve of Ay is: 


AB = —duration x Ay 


The change in yield is often expressed as a basis point change. One basis point is equivalent 
to 0.01%. So a 100 basis point change is a change of 1% in the yield. 


Modified duration is used when the yield given is something other than a continuously 
compounded rate. When the yield is expressed as a semiannually compounded rate, for 
example, modified duration = duration/(1 + y/2). In general we can express this relation as: 
modified duration = -ation , where m is the number of compounding periods per year. 


y 
fn 


Note that as m goes to infinity (continuous compounding), the two measures are equal and 
there is no difference between the two. 


On the exam, you may also see a reference to dollar duration. Dollar duration is simply 
modified duration multiplied by the price of the bond. 


CONVEXITY 


Duration is a good approximation of price changes for an option-free bond, but it’s only 
good for relatively small changes in interest rates. As rate changes grow larger, the curvature 
of the bond price/yield relationship becomes more important, meaning that a linear 
estimate of price changes, such as duration, will contain errors. 


In fact, the relationship between bond price and yield is not linear (as assumed by duration) 
but convex. This convexity shows that the difference between actual and estimated prices 
widens as the yield swings grow. That is, the widening error in the estimated price is due to 
the curvature of the actual price path. This is known as the degree of convexity. 


Fortunately, the amount of convexity in a bond can be measured and used to supplement 
duration in order to achieve a more accurate estimate of the change in price. It’s important 
to note that all convexity does is account for the amount of error in the estimated price 
change based on duration. In other words, it picks up where duration leaves off and 
converts the straight (estimated price) line into a curved line that more closely resembles the 
convex (actual price) line. 
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Using Convexity to Improve Price Change Estimates 


In order to obtain an estimate of the percentage change in price due to convexity, or the 
amount of price change that is not explained by duration, the following calculation will 
need to be made: 


convexity effect = 1/2 x convexity x Ay? 


The convexity effect is typically quite small. However, remember that convexity is simply 
correcting for the error embedded in the duration, so you would expect convexity to have 

a much smaller effect than duration. Also note that for an option-free bond, the convexity 
effect is always positive, no matter which direction interest rates move. Thus, for option-free 
bonds, convexity is always added to duration to modify the price volatility errors embedded. 
in duration. This decreases the drop in price (due to an increase in yields) and adds to the 
rise in price (due to a fall in yields). 


Now, by combining duration and convexity, we can obtain a far more accurate estimate of 
the percentage change in the price of a bond, especially for large swings in yield. That is, 
you can account for the amount of convexity embedded in a bond by adding the convexity 
effect to the duration effect as follows: 
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‘THEORIES OF THE TERM STRUCTURE 


AIM 26.8: Define and discuss the major theories of the term structure of interest 
rates. 


The expectations theory suggests that forward rates correspond to expected future spot 
rates. That is, forward rates are good predictors of expected future spot rates. In reality, 

the expectations theory fails to explain all future spot rate expectations. The market 
segmentation theory states that the bond market is segmented into different maturity 
sectors and that supply and demand for bonds in each maturity range dictate rates in that 
maturity range. The liquidity preference theory suggests that most depositors prefer short- 
term liquid deposits. In order to coax them to lend longer term, the intermediary will raise 
longer-term rates by adding a liquidity premium. 
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Three types of interest rates are particularly relevant in the interest rate derivative 
markets: Treasury rates, London Interbank Offered Rate (LIBOR), and repo rates. 


Derivative valuation models use the continuous compounding assumption due to its 
elegant mathematical properties. 


Zero or spot rates correspond to the interest earned on a single cash flow at a single 
point in time. Bond prices are computed using the spot curve by discounting each cash 
flow at the appropriate spot rate. 


The yield of a bond is the single discount rate that equates the present value of a bond 
to its market price. 


Zero rates are computed using the bootstrapping methodology. Forward rates are 
computed from spot rates. 


When the spot curve is upward-sloping, the corresponding forward rate curve is 
upward-sloping and above the spot curve. When the spot curve is downward-sloping, 
the corresponding forward rate curve is downward-sloping and below the spot curve. 


A forward-rate agreement is a contract between two parties that an interest rate will 
apply to a specific principal during some future time period. 


Duration and modified duration are the same when continuously compounded yields 
are used, and they both estimate the percentage price change of a bond from an 
absolute change in yield. 


The expectations theory suggests that forward rates correspond to expected future spot 
rates. The market segmentation theory states that bonds are segmented into different 
maturity sectors and that supply and demand dictate rates in the segmented maturity 
sectors. The liquidity preference theory suggests that longer-term rates incorporate a 
liquidity premium. 
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CONCEPT CHECKERS 


1. What is the continuously compounded rate of return for an investment that has a 
value today of $86.50 and will have a future value of $100 in one year? 
A. 13.62%. 
B. 14.50%. 
C. 15.61%. 
D. 16.38%. 
2. Assume that the continuously compounded 10-year spot rate is 5% and the 9-year 


spot rate is 4.9%. Which of the following is closest to the 1-year forward rate nine 
years from now? 


A. 4.1%. 
B. 5.1%. 
C. 5.9%. 
D. 6.0%. 
3. An investor enters into a 1-year forward rate agreement (FRA) where she will receive 


the contracted rate on a principal of $1 million. The contracted rate is a 1-year rate 
at 5%. Which of the following is closest to the cash flow if the actual rate is 6% at 
maturity of the underlying asset (loan)? 


A. -$10,000. 
B. -—$1,000. 
C. +$1,000. 
D. +$10,000. 
4. What is the bond price of a $100 face value, 2.5-year, 3% semiannual coupon bond 


using the following annual continuously compounded spot rates: z, = 3%, 
Z, = 3.1%, z, = 3.2%, 24 = 3.3%, and z; = 3.4%? 


A. $97.27. 
B. $97.83. 
C. $98.15. 
D. $98.99. 
5. A $100 face value, 1-year, 4% semiannual bond is priced at 99.806128. If the 


annualized 6-month spot rate (z,) is 4.1%, what is the 1-year spot rate (z,)? (Both 
spots are continuously compounded rates.) 


A. 4.07%. 
B. 4.16%. 
C. 4.20%. 
D. 4.26%. 
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CONCEPT CHECKER ANSWERS 


1. B The formula to solve this problem is: 
R.=m X infte=| 
m 


First, we need to compute R as the rate earned on the $86.50 investment: 


R= $100 — $86.50 _ iaei? 
$86.50 


This is essentially the effective rate earned over one year with annual compounding. 
So, m = 1, and R, = 1 x In(1.15607) = 0.1450. Alternatively, since m = 1, 


m m |- 0.1450 = 14.50% 
6.50 


2. C Reomad= Ry + (Ry~R,) x [T] (T, -T,)] = 0.05 + (0.05 — 0.049) x [9 / (10 - 9)] = 5.9% 


Forwar 


3. A $1,000,000 (0.05 — 0.06)(1) = -$10,000 


4. D B=1.5x el(-0.03/2)x1] +1.5x el-0.031/2)x2] +1.5x el(-0.032/2)x3] +1.5x el(-0.033/2)x4] + 101.5 
x el(-0.034/2)«5] - 1,48 + 1.45 + 1.43 + 1.40 + 93.23 = $98.99 


5. Bo Ba2x ell] 4 102 x el22221; $99.806128 = 2 x el00421] 1102 x el62222]; 
$97.846711 = 102 x el2/2*21; z, = 0.0415707 = 4.16% 
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Both forward and futures contracts are obligations regarding a future transaction. Because 
the difference in pricing between these contract types is small, forward contract pricing and 
futures contract pricing are often presented interchangeably. The basic model for forward 
prices is the cost-of-carry model, which essentially connects the forward price to the cost 
incurred from purchasing and storing the underlying asset until the contract maturity 

date. Cash flows over the life of the contract are easily incorporated into the pricing model. 
Futures contracts contain delivery options that benefit the short seller of the contract. These 
delivery options must be incorporated into the futures pricing model. 


INVESTMENT AND CONSUMPTION ASSETS 


AIM 27.1: Differentiate between investment and consumption assets. 


An investment asset is an asset that is held for the purpose of investing. This type of asset is 
held by many different investors for the sake of investment. Examples of investment assets 
include stocks and bonds. A consumption asset is an asset that is held for the purpose of 
consumption. Examples of consumption assets include commodities such as oil and natural 


gas. 


SHORT-SELLING AND SHORT SQUEEZE 


AIM 27.2: Define short-selling and short squeeze. 


Short sales are orders to sell securities that the seller does not own. Short selling is also 
known as “shorting” and is possible with some investment assets. For a short sale, the short 
seller (1) simultaneously borrows and sells securities through a broker, (2) must return the 
securities at the request of the lender or when the short sale is closed out, and (3) must keep 
a portion of the proceeds of the short sale on deposit with the broker. 


The short seller may be forced to close his position if the broker runs out of securities to 
borrow. This is known as a short squeeze, and the seller will need to close his short position 
immediately. 


Why would anyone ever want to sell securities short? The seller thinks the current price is 
too high and that it will fall in the future, so the short seller hopes to sell high and then buy 
low. Ifa short sale is made at $30 per share and the price falls to $20 per share, the short 
seller can buy shares at $20 to replace the shares borrowed and keep $10 per share as profit. 
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Two rules currently apply to short selling: 


1. The short seller must pay all dividends due to the lender of the security. 


2. The short seller must deposit collateral to guarantee the eventual repurchase of the 
security. 


FORWARD AND FuTURES CONTRACTS 


AIM 27.3: Discuss the differences between forward and futures contracts and 
explain the relationship between forward and spot prices. 


AIM 27.4: Calculate the forward price, given the underlying asset’s price, with or 
without short sales and/or consideration to the income or yield of the underlying 
asset. Describe an arbitrage argument in support of these prices. 


AIM 27.9: Define and calculate, using the cost-of-carry model, forward prices 


where the underlying asset either does or does not have interim cash flows. 


Futures contracts and forward contracts are similar in that both: 


e Can be either deliverable or cash settlement contracts. 
e Are priced to have zero value at the time an investor enters into the contract. 


Futures contracts differ from forward contracts in the following ways: 


e Futures contracts trade on organized exchanges. Forwards are private contracts and do 
not trade on an exchange. 

e Futures contracts are highly standardized. Forwards are customized contracts satisfying 
the needs of the parties involved. 

¢ A single clearinghouse is the counterparty to all futures contracts. Forwards are contracts 
with the originating counterparty. 

e The government regulates futures markets. Forward contracts are usually not regulated. 


FoRWARD PRICES 


The pricing model used to compute forward prices makes the following assumptions: 


e No transaction costs or short-sale restrictions. 

e Same tax rates on all net profits. 

e Borrowing and lending at the risk-free rate. 

e Arbitrage opportunities are exploited as they arise. 


For the development of a forward pricing model, we will use the following notation: 


e T =time to maturity (in years) of the forward contract. 
* Sọ = underlying asset price today (t = 0). 

e F, = forward price today. 

e r = continuously compounded risk-free annual rate. 
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The forward price may be written as: 


Equation 1 


Fo = Siete 


The right-hand side of Equation 1 is the cost of borrowing funds to buy the underlying 
asset and carrying it forward to time 7. Equation 1 states that this cost must equal the 
forward price. If Fy > Sye"!, then aebitregeurs will profit by selling the forward and buying 
the asset with borcwed funds. If Fy < Sge!, arbitrageurs will profit by selling the asset, 
lending out the proceeds, and bine the forward. Hence, the equality in Equation 1 must 
hold. Note that this model assumes perfect markets. 


As it turns out, actual short sales are not necessary for Equation 1 to hold. All that is 
necessary is a sufficient number of investors who are not only holding the investment asset 
but also are willing to sell the asset if the forward price becomes too low. In the event that 
the forward price is too low, the investor will sell the asset and take a long position in the 
forward contract. This is important since the arbitrage relationship in Equation 1 must hold 
for all investment assets even though short selling is not available for every asset. 


' Examplé:'Compütiñg eae acer cash flows 


Forward Price With Carrying Costs 


If the underlying pays a known amount of cash over the life of the forward contract, a 
simple adjustment is made to Equation 1. Since the owner of the forward contract does not 
receive any of the cash flows from the underlying asset between contract origination and 
delivery, the present value of these cash flows must be deducted from the spot price when 
calculating the forward price. This is most easily seen when the underlying asset makes a 
periodic payment. With this in mind, we let 7 represent the present value of the cash flows 
over T years. Equation 1 then becomes: 


Equation 2 


Fa = (S,-D eT 


The same arbitrage arguments used for Equation 1 are used here. The only modification is 
that the arbitrageur must account for the known cash flows. 
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The Effect of a Known Dividend 


When the underlying asset for a forward contract pays a dividend, we assume that the 
dividend is paid continuously. Letting q represent the continuously compounded dividend 
yield paid by the underlying asset expressed on a per annum basis, Equation 1 becomes: 


Equation 3 


Fo = Se OT 


Once again, the same arbitrage arguments are used to prove that Equation 3 must be true. 
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VALUE OF A FORWARD CONTRACT 


The initial value of a forward contract is zero. After its inception, the contract can have a 
positive value to one counterparty (and a negative value to the other). Since the forward 
price at every moment in time is computed to prevent arbitrage, the value at inception of 
the contract must be zero. The forward contract can take on a non-zero value only after the 
contract is entered into and the obligation to buy or sell has been made. If we denote the 
obligated delivery price after inception as Ķ, then the value of the long contract on an asset 
with no cash flows is computed as Sy — Ke!, with cash flows (with present value J) it is 


Sọ —1—Ke™4; and with a continuous dividend yield of g, it is Sou = Ket", 


' Answer: 


In this case, K = $1,015.11 and ss $1,050, so the value is: 


$1,050.10) — $1,015.11¢-° 405) = $49.75.” 


CuRRENCY FUTURES 


AIM 27.6: Use the interest rate parity relationship to calculate a forward foreign 
exchange rate. 


Interest rate parity (IRP) states that the forward exchange rate, F (measured in domestic per 
unit of foreign currency), must be related to the spot exchange rate, S, and to the interest 
rate differential between the domestic and the foreign country, r — Ip 


The general form of the interest rate parity condition is expressed as: 
F = Sef —)T 


This equation is a no-arbitrage relationship. Using our notation from earlier, we can state 
the interest rate parity relationship as: 


Equation 4 


F = Sge" )T 


Note that this is equivalent to Equation 3 with rẹ replacing q. Just as the continuous 
dividend yield g was used to adjust the cost of carry, we use the continuous yield on a 
foreign currency deposit here. 
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© Professor’s Note: The concept of interest rate parity will show up again in the 


foreign exchange risk topic. 


FORWARD PRICES vs. FUTURES PRICES 


AIM 27.5: Explain the relationship between forward and futures prices. 


The most significant difference between forward contracts and futures contracts is the daily 
marking to market requirement on futures contracts. When interest rates are known over 
the life of a contract, T, forward and futures prices can be shown to be the same. Various 
relationships can be derived, depending on the assumptions made between the value of the 
underlying and the level of change in interest rates. In general, when T is small, the price 
differences are usually very small and can be ignored. Empirical research comparisons of 
forwards and futures prices are mixed. Some studies conclude a significant difference and 
others do not. The important concept to understand here is that assuming the two are 

the same is an approximation, and under certain circumstances the approximation can be 
inaccurate. 


COMMODITY FUTURES 


AIM 27.7: Define income, storage costs, and convenience yield. 


AIM 27.8: Calculate the futures price on commodities incorporating income/ 
storage costs and/or convenience yields. 


Professors Note: There are two topics in the FRM curriculum related to 
commodity forwards and futures (Topics 32 and 33). In those topics, you will 
learn more about storage costs and the convenience yield as well as the arbitrage 
relationships that must hold with commodity futures. 
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Income and Storage Costs 


When the underlying is considered a consumption asset, the pricing relationships developed 
above do not adequately capture all the necessary characteristics of the asset. Consumption 
assets have actual storage costs associated with them. These costs increase the carrying costs. 
The costs can be expressed either as a known cash flow or as a yield. Let U denote the 
present value of known storage cost over the life of the forward contract. Equation 1 then 
becomes: 


Equation 5 

Fo = (So + U)eT 
If we express the storage costs in terms of a continuous yield, z: 
Equation 6 


Fo = Syoret 


The arbitrage relationships are the same except we need to account for the additional 
carrying costs over T years. However, when the owner of these assets is reluctant to sell the 
asset, Equations 5 and 6 are replaced by: 


Equation 7 
Fy < So + U)e'T 
And: 


Equation 8 


Fo < Sees 


CONVENIENCE YIELD 


Equations 7 and 8 suggest there is a benefit to owning the underlying consumable asset 
compared to owning the future. If we introduce a convenience yield, y, to balance 
Equations 7 and 8, we have: 


Fe! = (Sg + Ue = Set 
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This formula can be reduced to: 


Equation 9 


Fo = Spet YT 


In other words, the convenience yield is simply the yield required to produce an equality 
and is thus a measure of the benefit of owning spot, or physical, consumption commodities. 


DELIVERY OPTIONS IN THE FUTURES MARKET 


AIM 27.10: Discuss the various delivery options available in the futures markets 
and how they can influence futures prices. 


Some futures contracts grant delivery options to the short—options on what, where, and 
when to deliver. Some Treasury bond contracts give the short a choice of several bonds that 
are acceptable to deliver and options as to when to deliver during the expiration month. 
Physical assets, such as gold or corn, may offer a choice of delivery locations to the short. 
These options can be of significant value to the holder of the short position in a futures 
contract. 


As shown in the previous discussion on commodity futures, if the cost of carrying the asset 
is greater than the convenience yield (benefit from holding the physical asset), it is ideal 

for the short position to deliver the contract early. This scenario suggests that the futures 
price will increase over time; hence, the short has an incentive to deliver early. The opposite 
relationship holds true when the cost of carry is less than the convenience yield. In this case, 
the short position will delay delivery since the futures price is expected to fall over time. 


FUTURES AND EXPECTED FUTURE SPOT PRICES 


AIM 27.11: Analyze the relationship between current futures prices and expected 
future spot prices, including the impact of systematic and nonsystematic risk. 


The cost of carry model is a widely used method for estimating the appropriate price of a 
futures contract, but other theories exist for explaining the futures price. One intuitively 
appealing model expresses the futures price as a function of the expected spot price (Sp). 


Fy = ES,) 


For obvious reasons, this is called the expectations model and states that the current futures 
price for delivery at time T is equal to the expected spot price at time T. Similar to the no- 
arbitrage rule, this model acts to keep the current futures price in line with the expected 
spot rate at that time. If the futures price is less than the expected price, aggressive buying of 
the futures would push up the futures price. If the futures price is greater than the expected 
spot rate, aggressive selling of the futures would lead to lower the futures price. Although 
intuitively appealing, other factors probably play a role in the pricing mechanism. Indeed, 
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if the expectations model limited traders to a risk-free rate of return, there would be no 
incentive to buy or sell contracts. 


Cost of Carry vs. Expectations 


Economist John Maynard Keynes found the expectations model to be flawed precisely 
because it provided no justification for speculators to enter the market. Futures contracts 
provide a mechanism to transfer risk from those who need to hedge their positions (e.g., 
farmers who are long the commodities) to speculators. In order to entice speculators to bear 
the risk of these contracts, there has to exist an expectation of profit greater than the risk- 
free rate. For this to occur, the futures contract price must be less than the expected spot 
rate at maturity [F} < E(S,)] and must continually increase during the term of the contract. 
Keynes referred to this as normal backwardation. This relationship suggests that the asset 
underlying the futures contract exhibits positive systematic risk, since this is the risk that 
remains after diversifying away all nonsystematic risk. 


On the other side of the contracts are those who are users of the commodity who want to 
shift some of the risk of rising market prices to speculators. They wish to purchase futures 
contracts from speculators. The speculators have to be enticed into assuming this risk by 
the expectation of profits that would exceed the risk-free rate. From this perspective, the 
futures price must be higher than the expected spot price at maturity [F, > E(S;)] and must 
continually decrease during the term of the contract. Keynes referred to this expectation as 
contango (a.k.a. normal contango). This relationship suggests that the asset underlying the 
futures contract exhibits negative systematic risk. 


CONTANGO AND BACKWARDATION 


AIM 27.12: Define contango and backwardation, interpret the effect contango or 
backwardation may have on the relationship between commodity futures and spot 
prices, and relate the cost-of-carry model to contango and backwardation. 


Backwardation refers to a situation where the futures price is below the spot price. For 

this to occur, there must be a significant benefit to holding the asset. Backwardation might 
occur if there are benefits to holding the asset that offset the opportunity cost of holding the 
asset (the risk-free rate) and additional net holding costs. 


Contango refers to a situation where the futures price is above the spot price. If there are no 
benefits to holding the asset (e.g., dividends, coupons, or convenience yield), contango will 
occur because the futures price will be greater than the spot price. 


Professor’s Note: In this case, the reference to backwardation and contango 
refers to the relationship between the futures price and the current spot price, 
not the expected spot price. 
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Key Concepts 


1. Short sales are orders to sell securities that the seller does not own. A short squeeze 
results if the broker runs out of securities to borrow. 


2. Forward and futures contracts are similar because they are both future obligations to 
transact an asset on some future date. 


3. Forward contracts do not trade on an exchange, are not standardized, and do not 
normally close out prior to expiration. 


4, The cost-of-carry model is used to price forward and futures contracts. It states that the 
total cost of carrying the underlying asset to expiration must be the futures price. Any 
other price results in arbitrage. 


5. The futures price or cost-of-carry model is easily accommodated for interim cash flows 
from the underlying asset. 


6. Nonfinancial futures contracts are more difficult to evaluate due to consumption value 
and convenience yields. 


7.  Contango is the situation in which the futures price is above the current spot price. 
Backwardation is the opposite relationship. 
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CONCEPT CHECKERS 


Use the following data to answer Questions 1 and 2. 


An investor has an asset that is currently worth $500, and the continuously compounded 
risk-free rate at all maturities is 3%. 


1. Which of the following is the closest to the no-arbitrage price of a 3-month forward 
contract? 
A. $496.26. 
B. $500.00. 
C. $502.00. 
D. $503.76. 
2: If the asset pays a continuous dividend of 2%, which of the following is the closest 
to the no-arbitrage price of a 3-month forward contract? 
A. $494.24. 
B. $498.75. 
C. $501.25. 
D. $506.29. 
3: A bond pays a semiannual coupon of $40 and has a current value of $1,109. The 


next payment on the bond is in four months and the interest rate is 6.50%. Using 
the continuous time model, the price of a 6-month forward contract on this bond is 


closest to: 
A. $995.62. 
B. $1,011.14. 
C. $1,035.65. 
D. $1,105.20. 
4. The owner of 300,000 bushels of corn wishes to hedge his position for a sale in 


150 days. The current price of corn is $1.50/bushel and the contract size is 5,000 
bushels. The interest rate is 7%, compounded daily. The storage cost for the corn 
is $18/day. Assume the cost of storage as a percentage of the contract per year is 
1.46%. The price for the appropriate futures contract used to hedge the position is 


closest to: 
A. $6,635. 
B. $7,248. 
C. $7,656. 
D. $7,765. 
5. Backwardation refers to a situation where: 
A. spot prices are above futures prices. 
B. spot prices are below futures prices. 
C. expected future spot prices are above futures prices. 
D. expected future spot prices are below futures prices. 
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CONCEPT CHECKER ANSWERS 


1. 
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D 


Using Equation 1: 

500e-%) (0.25) - $503.76 

where S = 500, T = 0.25, and r = 0.03 
Using Equation 3: 

500¢(0.03-0.02)0.25 -= $501.25 


Use the formula Fo = (So - Det!, where Z is the present value of $40 to be received in 4 
months, or 0.333 years. At a discount rate of 6.50%: 


I = $40 x @0.065 x 0.333 _ $39.14 
Fo = ($1,109 — 39.14) x e(0-065 x 0-5) = $1,105.20 


Since both the interest and the storage costs compound on a daily basis, a continuous time 
model is appropriate to approximate the price of the contract. 


The cost of storage as a percentage of the contract per year is: 


u = 365x 5 ___ = 9.0146 
1.50 x 300,000 


Using Equation 6, the futures price per bushel is: 
F = $1.50 x ef0.07 + 0.0146)(150/365) = $1 553 x 5,000 bushels per contract = $7,765.34 
Backwardation refers to a situation where spot prices are higher than futures prices. 


Significant monetary benefits of the asset or a relatively high convenience yield can lead to 
this result. 
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In this topic, we examine Treasury bonds (T-bonds) and Eurodollar futures contracts. These 
instruments are two of the most popular interest rate futures contracts that trade in the 
United States. Be able to define the cheapest-to-deliver bond for T-bonds and know how to 
use the convexity adjustment for Eurodollar futures. Duration-based hedging using interest 
rate futures is also discussed. Be familiar with the equation to calculate the number of 
contracts needed to conduct a duration-based hedge. 


Day CounT CONVENTIONS 


AIM 28.1: List the most commonly used day count conventions, identify the 
markets that each one is typically used in, and apply each to an interest calculation. 


Day count conventions play a role when computing the interest that accrues on a fixed 
income security. When a bond is purchased, the buyer must pay any accrued interest earned 
through the settlement date. 


# of days from last coupon to the settlement date 


accured interest = coupon X - - 
# of days in coupon period 


In the United States, there are three commonly used day count conventions. 


1. U.S. Treasury bonds use actual/actual. 
2. U.S. corporate and municipal bonds use 30/360. 
3. U.S. money market instruments (Treasury bills) use actual/360. 


The following examples demonstrate the use of day count conventions when computing 
accrued interest. 


Example: Day count conventions 


Suppose there is a semiannual-pay bond with a $100 par value. Further assume that 
éoùpons are pidon March trand September Tof each year The anmai Couper i6% 
and it is currently July 13. Compute the accrued interest of this bond as a T-bond and.a 
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Quotations FOR T-Bonps 


AIM 28.3: Differentiate between the clean and dirty price for a U.S. Treasury 
bond; calculate the accrued interest and dirty price on a U.S. Treasury bond. 


T-bond prices are quoted relative to a $100 par amount in dollars and 32nds. So a 95-05 is 
95 5/32, or 95.15625. The quoted price of a T-bond is not the same as the cash price that is 
actually paid to the owner of the bond. In general: 


cash price = quoted price + accrued interest 


Clean and Dirty Prices 


The cash price (a.k.a. dirty price) is the price that the seller of the bond must be paid 
to give up ownership. It includes the present value of the bond (a.k.a. quoted price and 
clean price) plus the accrued interest. This relationship is shown in the equation above. 
Conversely, the clean price is the cash price less accrued interest: 


quoted price = cash price — accrued interest 
This relationship can also be expressed as: 


clean price = dirty price — accrued interest 


©2012 Kaplan, Inc. 


Topic 28 


Cross Reference to GARP Assigned Reading — Hull, Chapter 6 


Example: C Calenlate the cash p h price sof a bond 


Aak e bondi in he previous oe is a T- bond aah odat at 102-1 1. 
compe the cash ae Ead . y 
. Answer: l 7 


cash price = $102.34375 + $2:1848 = $104:52855° 


For a $100,000 par amount, this is $104,528.55. 


QuoraTIONs FOR T-BILLs 


AIM 28.2: Convert from a discount rate to a price for a U.S. Treasury bill. 


T-bills and other money-market instruments use a discount rate basis and an actual/360 
day count. A T-bill with a $100 face value with z» days to maturity and a cash price of Y is 
quoted as: 


T-bill discount rate = 360 a 00— Y) 
n 


This is referred to as the discount rate in annual terms. However, this discount rate is not 
the actual rate earned on the T-bill. The following example shows the calculation of the 
annualized yield on a T-bill, given its price. 


‘true rate of terest band t the cash price?’ 


ae nen Cen 


Interest is equal to $2.5 ( = $100 x 0.05 x 180 / oe fora te period. The true rate 
„of inter interest, t for, the e period is ther is therefore. 2. 004%, om at 100- 2) a e, 


rage RE 


ape atte! ORME ree one 


Cash, ence ig = (360/ 180) x (100 — -Y); Y- $97.5. 
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‘Treasury Bonp FUTURES 


AIM 28.4: Explain and calculate a U.S. Treasury bond futures contract conversion 
factor. 


AIM 28.5: Calculate the cost of delivering a bond into a Treasury bond futures 
contract. 


AIM 28.6: Describe the impact of the level and shape of the yield curve on the 


cheapest-to-deliver bond decision. 


In a T-bond futures contract, any government bond with more than 15 years to maturity 

on the first of the delivery month (and not callable within 15 years) is deliverable on the 
contract. This produces a large supply of potential bonds that are deliverable on the contract 
and reduces the likelihood of market manipulation. Since the deliverable bonds have 

very different market values, the Chicago Board of Trade (CBOT) has created conversion 
factors. The conversion factor defines the price received by the short position of the 
contract (i.e., the short position is delivering the contract to the long). Specifically, the cash 
received by the short position is computed as follows: 


cash received = (QFP x CF) + AI 


where: 

QFP = quoted futures price 

CF = conversion factor for the bond delivered 

AI = accrued interest since the last coupon date on the bond delivered 


Conversion factors are supplied by the CBOT on a daily basis. Conversion factors are 
calculated as the discounted price of a bond minus any accrued interest all divided by face 
value. For example, if the present value of a bond is $142, accrued interest is $2, and face 
value is $100, the conversation factor would be: (142 — 2) / 100 = 1.4. 


Cheapest-to-Deliver Bond 


The conversion factor system is not perfect and often results in one bond that is the 
cheapest (or most profitable) to deliver. The procedure to determine which bond is the 
cheapest-to-deliver (CTD) is as follows: 


cash received by the short = (QFP x CF) + AI 
cost to purchase bond = (quoted bond price + AI) 


The CTD is the bond that minimizes the following: quoted bond price — (QFP x CF). This 


formula calculates the cost of delivering the bond. 
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Finding the cheapest-to-deliver bond does not require any arcane procedures but could 
involve searching among a large number of bonds. The following guidelines give an 
indication of what type of bonds tend to be the cheapest-to-deliver under different 
circumstances: 


¢ When yields > 6%, CTD bonds tend to be low-coupon, long-maturity bonds. 
e When yields < 6%, CTD bonds tend to be high-coupon, short-maturity bonds. 
¢ When the yield curve is upward sloping, CTD bonds tend to have longer maturities. 


¢ When the yield curve is downward sloping, CTD bonds tend to have shorter maturities. 


‘Treasury Bonpb Futures PRICE 


AIM 28.7: Calculate the theoretical futures price for a Treasury bond futures 


contract. 


Recall the cost-of-carry relationship, where the underlying asset pays a known cash flow, as 


was presented in the previous topic. The futures price is calculated in the following fashion: 


Fy = (Sy - Det 


where: 
I = present value of cash flow 


We can use this equation to calculate the theoretical futures price when accounting for the 
CTD bond’s accrued interest and its conversion factor. 
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Example: Theoretical futures price 


pose that the CTD bond for a Treasury bond futures contract pays 10% semiannual 
‘oupons. This CTD bond has a conversion factor of 1.1 and a quoted bond price of 
00. Assume that there are 180 days between coupons and the last coupon was paid 90 
ays ago. Also assume that Treasury bond futures contract is to be delivered 180 days 

m today, and the risk-free rate of interest is 3%. Calculate the theoretical price for this 
-bond futures contract. 


E The cash price of the CTD bond is equal to the quoted bond price plus accrued interest. 
| Accrued interest is computed as follows: 


number of days from last coupon to settlement date 
<: AI = coupon x | AA 11 
number of days in coupon period 


Asya s 
180 


cash price = 100 + 2.5 = 102.5 
nce the next coupon will be received 90 days from today, that cash flow should be 


iscounted back to the present using the familiar present value equation which discounts 
"the cash flow using the risk-free rate: 


57 0-03x(90/365) = $4.96 


“Using the cost-of-carry model, the cash futures price (which expires 180 days from today) 
| is then calculated as follows: 


Fy = (102.5 — 4.96)e(-03)(180/365) — 98,99 


‘We are not done, however, since the futures contract expires 90 days after the last coupon 
_ payment. The quoted futures price at delivery is calculated after subtracting the amount 
i: of accrued interest (recall: QFP = cash futures price — Al). 


98.99 — s x x = $96.49 
180 


: Finally, the conversion factor is utilized, producing a theoretical price for this T-bond 
‘futures contract of: 


QEP = oe = $87.72 
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EURODOLLAR FUTURES 


AIM 28.8: Calculate the final contract price on a Eurodollar futures contract. 


AIM 28.9: Describe and compute the Eurodollar futures contract convexity 
adjustment. 


The 3-month eurodollar futures contract trades on the Chicago Mercantile Exchange 
(CME) and is the most popular interest rate futures in the United States. This contract 
settles in cash and the minimum price change is one “tick,” which is a price change of one 
basis point, or $25 per $1 million contract. Eurodollar futures are based on a eurodollar 
deposit (a eurodollar is a U.S. dollar deposited outside the United States) with a face 
amount of $1 million. The interest rate underlying this contract is essentially the 3-month 
(90-day) forward LIBOR. If Z is the quoted price for a eurodollar futures contract, the 
contract price is: 


eurodollar futures price = $10,000[100 — (0.25)(100 — Z)] 
For example, if the quoted price, Z, is 97.8: 
contract price = $10,000[100 — (0.25)(100.0 — 97.8)] = $994,500 


Convexity Adjustment 


The corresponding 90-day forward LIBOR (on an annual basis) for each contract is 

100 — Z. For example, assume that the previous eurodollar contract was for a futures 
contract that matured in six months. Then the 90-day forward LIBOR six months from 
now is approximately 2.2% (100 — 97.8). However, the daily marking to market aspect of 
the futures contract can result in differences between actual forward rates and those implied 
by futures contracts. This difference is reduced by using the convexity adjustment. In 
general, long-dated eurodollar futures contracts result in implied forward rates larger than 
actual forward rates. The two are related as follows: 


actual forward rate = forward rate implied by futures — (¥% x o? x T, x T,) 


where: 

T, =the maturity on the futures contract 

T, = the time to the maturity of the rate underlying the contract (90 days) 

o = the annual standard deviation of the change in the rate underlying the futures 


contract, or 90-day LIBOR 


Notice that as T, increases, the convexity adjustment will need to increase. So as the 
maturity of the futures contract increases, the necessary convexity adjustment increases. 
Also, note that the o and the 7; are largely dictated by the specifications of the futures 
contract. 
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AIM 28.10: Demonstrate how Eurodollar futures can be used to extend the 
LIBOR zero curve. 


Forward rates implied by convexity-adjusted eurodollar futures can be used to produce a 
LIBOR spot curve (also called a LIBOR zero curve since spot rates are sometimes referred 
to as zero rates). Recall the equation presented previously in Topic 26, which was used to 
generate the shape of the futures rate curve: 


RD -RT 
R Forward = a 
where: 
R; = spot rate corresponding with T; periods 


R forward = the forward rate between T) and T3 


This forward rate equation can be rearranged to solve for the spot rate for the next time 


period (7,): 


— Reorward(T2 ~ Ty) +R T 


R 
2 È 


Given the first LIBOR spot rate (R,) and the length of each forward contract period, we can 
calculate the next spot rate (R,). The rate at 7, can then be used to find the rate at T} and 
so on. The end result is a generated LIBOR spot (zero) curve. 


Duration-Basep HEDGING 


AIM 28.11: Calculate the duration-based hedge ratio and describe a duration- 
based hedging strategy using interest rate futures. 


The objective of a duration-based hedge is to create a combined position that does not 
change in value when yields change by a small amount. In other words, a position that has 
a duration of zero needs to be produced. The combined position consists of our portfolio 
with a hedge horizon value of P and a futures position with a contract value of F. Denote 
the duration of the portfolio at the hedging horizon as Dp and the corresponding duration 
of the futures contract as D,. Using this notation, the duration-based hedge ratio can be 
expressed as follows: 


_ PxDp 
Fx Dg 


where: 
N = number of contracts to hedge 


The minus sign suggests that the futures position is the opposite of the original position. 
In other words, if the investor is long the portfolio, he must short N contracts to produce a 
position with a zero duration. 
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l Asiithe heel is a 6-month hedging horizon and.a portfolio value-of $100; million. Further. 
assume that the 6-month T-bond contract is quoted at 105-09, with a contract size of 
$100,000. The duration of the portfolio is 10, and the duration of i futures contract is” 
12. Sane the IS APDIP HAE aes for, small se Al ‘in. isa eia ee 


i 100,000,000 x10 ! 
© 105,284, 25x12 


LIMITATIONS OF DURATION 


AIM 28.12: Explain the limitations of using a duration-based hedging strategy. 


The price/yield relationship of a bond is convex, meaning it is nonlinear in shape. Duration 
measures are linear approximations of this relationship. Therefore, as the change in yield 
increases, the duration measures become progressively less accurate. Moreover, duration 
implies that all yields are perfectly correlated. Both of these assumptions place limitations 
on the use of duration as a single risk measurement tool. When changes in interest rates are 
both large and nonparallel (i.e., not perfectly correlated), duration-based hedge strategies 
will perform poorly. 
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Key CONCEPTS 


1. The most common day count conventions are Actual/Actual, 30/360, and Actual/360. 
2. Bonds are quoted on a bond equivalent basis and T-bills on a discount rate basis. 


3.  T-bond futures use a conversion factor to homogenize the pool of deliverable bonds. 
However, when the yield curve is not flat, there is a single bond that is the cheapest to 
deliver. 


4.  Eurodollar contracts are based on LIBOR and are quoted on a discount rate basis. 
Long-dated eurodollar contracts must be adjusted for convexity before being used to 
estimate the corresponding forward rates. 


5. Duration can be used to compute the number of futures contracts needed to 
implement a duration-based hedging strategy. The effectiveness of duration-based 
hedging strategies is limited when there are large changes in yield or nonparallel shifts 
in the yield curve. 
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CONCEPT CHECKERS 


l. 


Assume a 6-month hedging horizon and a portfolio value of $30 million. Further 
assume that the 6-month Treasury bond (T-bond) contract is quoted at 100-13, 
with a contract size of $100,000. The duration of the portfolio is 8, and the duration 
of the futures contract is 12. Which of the following is closest to the appropriate 
hedge for small changes in yield? 

A. Long 298 contracts. 

B. Short 298 contracts. 

C. Long 199 contracts. 

D. Short 199 contracts. 


Which of the following items limits the use of duration as a risk metric? 


I. It assumes the price/yield relationship is linear. 
II. It assumes interest rate volatility is constant. 


A. Tonly. 

B. II only. 

C. Both I and II. 
D. Neither I nor II. 


Consider day count convention and, specifically, the following example: 

A semiannual bond with $100 face value has a 4% coupon. Today is August 3. 

Assume coupon dates of March 1 and September 1. Which of the following 

statements is true? 

A. Corporate bonds accrue more interest in July than T-bonds. 

B. Corporate bonds accrue more interest from March 1 to September 1 than 
September 1 to March 1. 

C. Corporate bonds accrue more interest than T-bonds for this period (March 1 to 
August 3). 

D. The T-bond accrued interest is $1.67 for this period (March 1 to August 3). 


Assume an investor is about to deliver a short bond position and has four options to 
choose from which are listed in the following table. The settlement price is $92.50 
(i.e., the quoted futures price). Determine which bond is the cheapest to deliver. 


Bond Quoted Bond Price Conversion Factor 


1 98 1.02 
2 122 1.27 
3 105 1.08 
4 112 1.15 

A. Bond 1. 

B. Bond 2. 

C. Bond 3. 

D. Bond 4. 
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5. Assume the cash price on a 90-T-bill is quoted as 98.75. The discount rate is closest 
to: 
A. 4%. 
B. 7%. 
C. 6%. 
D. 5%. 
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ny — _ £830,000,000x8) iog 
($100,406.25 x12) 


The appropriate hedge is to short 199 contracts. 

The limitations of duration include: (1) that it is valid for only small changes in yield, (2) that 
it assumes the price/yield relationship is linear, and (3) it assumes that changes in yield are 
the same across all maturities and risk levels (i.e., they're perfectly correlated). 

July accrued T-bond interest is 31/184 = 0.1685; July accrued corporate bond interest 

is 30/180 = 0.1667. T-bonds accrue 155/184 = 0.8424 x $2 = $1.685; C-bonds accrue 
153/180 = 0.85 x $2 = $1.70. 

Cost of delivery: 

Bond 1: 98 — (92.50 x 1.02) = $3.65 

Bond 2: 122 — (92.50 x 1.27) = $4.53 

Bond 3: 105 — (92.50 x 1.08) = $5.10 

Bond 4: 112 — (92.50 x 1.15) = $5.63 

Bond 1 is the cheapest to deliver with a cost of delivery of $3.65. 


The discount rate on a U.S. T-bill is calculated using the following equation: 


discount rate = 200 x (100 — cash price) 
n 


discount rate = n x (100 — 98.75) = 5% 
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SWAPS 


Topic 29 
Exam Focus 


An interest rate swap is an agreement between two parties to exchange interest payments 
based on a specified principal over a period of time. In a plain vanilla interest rate swap, one 
of the interest rates is floating, and the other is fixed. Swaps can be used to efficiently alter 
the interest rate risk of existing assets and liabilities. A currency swap exchanges interest rate 
payments in two different currencies. For valuation purposes, swaps can be thought of as a 
long and short position in two different bonds or as a package of forward rate agreements. 
Credit risk in swaps cannot be ignored. 


MECHANICS OF INTEREST RATE SWAPS 


AIM 29.1: Explain the mechanics of a plain vanilla interest rate swap and compute 
its cash flows. 


The most common interest rate swap is the plain vanilla interest rate swap. In this swap 
arrangement, Company X agrees to pay Company Y a periodic fixed rate on a notional 
principal over the tenor of the swap. In return, Company Y agrees to pay Company X 

a periodic floating rate on the same notional principal. Both payments are in the same 
currency. Therefore, only the net payment is exchanged. Most interest rate swaps use the 
London Interbank Offered Rate (LIBOR) as the reference rate for the floating leg of the 
swap. Finally, since the payments are based in the same currency, there is no need for 
the exchange of principal at the inception of the swap. This is why it is called notional 
principal. 


For example, companies X and Y enter into a 2-year plain vanilla interest rate swap. The 
swap cash flows are exchanged semiannually, and the reference rate is 6-month LIBOR. The 
LIBOR rates are shown in Figure 1. The fixed rate of the swap is 3.784%, and the notional 
principal is $100 million. We will compute the cash flows for Company X, the fixed payer 
of this swap. 


Figure 1: 6-Month LIBOR 


Beginning of Period LIBOR 


1 3.00% 
2 3.50% 
3 4.00% 
4 4.50% 
5 5.00% 
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The first cash flow takes place at the end of period one and uses the LIBOR at the 
beginning of that same period. In other words, at the beginning of each period, both 
payments for the end of the period are known. The gross cash flows for the end of the first 
period for both parties are calculated in the following manner: 


floating = $100 million x 0.03 x 0.5 = $1.5 million 


fixed = $100 million x 0.03784 x 0.5 = $1.892 million 


Note that 0.5 is the semiannual day count. The net payment for Company X is an outflow 
of $0.392 million. Note that we are ignoring the many day-count and business-day 
conventions associated with swaps. Figure 2 shows the other cash flows. 


Figure 2: Swap Cash Flows 


End of LIBOR at Floating Fixed Net X 

Period Beginning of Period Cash Flow Cash Flow Cash Flow 
1 3.00% $1,500,000 $1,892,000 -$392,000 
2 3.50% $1,750,000 $1,892,000 -$142,000 
3 4.00% $2,000,000 $1,892,000 $108,000 
4 4.50% $2,250,000 $1,892,000 $358,000 


AIM 29.2: Explain how a plain vanilla interest rate swap can be used to transform 
an asset or a liability and calculate the resulting cash flows. 


Let’s continue with companies X and Y. Suppose that X has a 2-year floating-rate liability, 
and Y has a 2-year fixed-rate liability. After they enter into the swap, interest rate risk 
exposure from their liabilities has completely changed for each party. X has transformed the 
floating-rate liability into a fixed-rate liability, and Y has transformed the fixed-rate liability 
to a floating-rate liability. Note that X pays fixed and receives floating, so X’s liability 
becomes fixed. 


Similarly, assume that X has a fixed-rate asset and Y has a floating-rate asset tied to LIBOR. 


After entering into the swap, X has transformed the fixed-rate asset into a floating-rate asset, 
and Y has transformed the floating-rate asset into a fixed-rate asset. 


FINANCIAL INTERMEDIARIES 


AIM 29.3: Explain the role of financial intermediaries in the swaps market. 


AIM 29.4: Describe the role of the confirmation in a swap transaction. 


In many respects, swaps are similar to forwards: 


e Swaps typically require no payment by either party at initiation. 
e Swaps are custom instruments. 
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e Swaps are not traded in any organized secondary market. 

e Swaps are largely unregulated. 

e Default risk is an important aspect of the contracts. 

e Most participants in the swaps market are large institutions. 
e Individuals are rarely swap market participants. 


There are swap intermediaries who bring together parties with needs for the opposite side of 
a swap. Dealers, large banks, and brokerage firms, act as principals in trades just as they do 
in forward contracts. In many cases, a swap party will not be aware of the other party on the 
offsetting side of the swap since both parties will likely only transact with the intermediary. 
Financial intermediaries, such as banks, will typically earn a spread of about 3 to 4 basis 
points for bringing two nonfinancial companies together in a swap agreement. This fee is 
charged to compensate the intermediary for the risk involved. If one of the parties defaults 
on its swap payments, the intermediary is responsible for making the other party whole. 


Confirmations, as drafted by the International Swaps and Derivatives Association (ISDA), 
outline the details of each swap agreement. A representative of each party signs the 
confirmation, ensuring that they agree with all swap details (such as tenor and fixed/floating 
rates) and the steps taken in the event of default. 


COMPARATIVE ADVANTAGE 


AIM 29.5: Describe the comparative advantage argument for the existence of 
interest rate swaps and discuss some of the criticisms of this argument. 


Let’s return to companies X and Y and assume that they have access to borrowing for two 
years as specified in Figure 3. 


Figure 3: Borrowing Rates for X and Y 


Company Fixed Borrowing Floating Borrowing 
Y 5.0% LIBOR + 10 bps 
X 6.5% LIBOR + 100 bps 


Company Y has an absolute advantage in both markets but a comparative advantage 

in the fixed market. Notice that the differential between X and Y in the fixed market is 
1.5%, or 150 basis points (bps), and the corresponding differential in the floating market 
is only 90 basis points. When this is the case, Y has a comparative advantage in the fixed 
market, and X has a comparative advantage in the floating market. When a comparative 
advantage exists, a swap arrangement will reduce the costs of both parties. In this example, 
the net potential borrowing savings by entering into a swap is the difference between the 
differences, or 60 bps. In other words, by entering into a swap, the total savings shared 


between X and Y is 60 bps. 


To better understand where the 60 bps comes from, suppose Y borrows fixed at 5% for 
two years, X borrows floating for two years at LIBOR + 1%, and then X and Y enter into 

a swap to transform their liabilities. Specifically, X pays Y fixed and Y pays X floating based 
on LIBOR. If we assume the net savings is split evenly, the net borrowing costs for X are 
then 6.2% and LIBOR — 20 bps for Y. Each has saved 30 bps for a total of 60 bps. If an 
intermediary were used, part of the 60 bps would be used to pay the bid-ask spread. 
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PROBLEMS WITH COMPARATIVE ADVANTAGE 


A problem with the comparative advantage argument is that it assumes X can borrow at 
LIBOR + 1% over the life of the swap. It also ignores the credit risk taken on by Y by 
entering into the swap. If X were to raise funds by borrowing directly in the capital markets, 
no credit risk is taken, so perhaps the savings is compensation for that risk. The same 
criticisms exist when an intermediary is involved. 


VALUING INTEREST RATE SWAPS 


The Discount Rate 


AIM 29.6: Explain how the discount rates in a plain vanilla interest rate swap are 
computed. 


Since a swap is nothing more than a sequence of cash flows, its value is determined 

by discounting each cash flow back to the valuation date. The question is, what is the 
appropriate discount rate to use? It turns out that the forward rates implied by either forward 
rate agreements (FRAs) or the convexity-adjusted Eurodollar futures are used to produce a 
LIBOR spot curve. The swap cash flows are then discounted using the corresponding spot 
rate from this curve. The following connection between forward rates and spot rates exists 
when continuous compounding is used: 


T 
Reorward = R2 +(R2 — Ry) a_i 
where: 
R; = spot rate corresponding with T, years 


Reward = forward rate between T, and T, 


We will utilize this equation later when we value an interest rate swap using a sequence of 
forward rate agreements. 


Valuing an Interest Rate Swap With Bonds 


AIM 29.7: Value a plain vanilla interest rate swap based on two simultaneous bond 
positions. 


Let’s return to our two companies, X and Y, in our 2-year swap arrangement. From X’s 
perspective, there are two series of cash flows—one fixed going out and one floating coming 
in. Essentially, X has a long position in a floating-rate note (since it is an inflow) and a short 
position in a fixed-rate note (since it is an outflow). From Y’s perspective, it is exactly the 
opposite—Y has a short position in a floating-rate note (since it is an outflow) and a long 
position in a fixed-rate note (since it is an inflow). 
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If we denote the present value of the fixed-leg payments as Bẹ, and the present value of the 
floating-leg payments as Bgy the value of the swap can be written for both X and Y as: 


V swaps) = Bae = Bey 


V swap O) = Be — Ba, 


Note that V wap) +V oY) = 0. This is by design since the two positions are mirror 


swal 
images of one another. At inception of the swap, it is convention to select the fixed payment 


so that Vag) = V a (¥) = 0. As expected floating rates in the future change, the swap 


swap 
value for each party is no longer zero. 


Valuing an interest rate swap in terms of bond positions involves understanding that the 
value of a floating rate bond will be equal to the notional amount at any of its periodic 
settlement dates when the next payment is set to the market (floating) rate. Since 

Vee Bond fixed — Bond goatin p we can value the fixed-rate bond using the spot rate curve 
and then discount the next (known) floating-rate payment plus the notional amount at the 


current discount rate. The following example illustrates this method. 
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_Figure 4 sums up the payments and present value factors. 
Figure 4: Valuing an Interest Rate Swap With Two Bond Positions 


Fixed Cash ~ Floating Cash Present Value PV Floating 


dome Flow Flow Factor PEC ae 
--0.25-(-months) 30,000 ——1,025,000__0,9866* 29,598 1,011,255 
0.75 (9 months) 30,000 0.9589* 28,766 
1.25 (15 months) 1,030,000 0.9301* 957,968 
Total 1,016,332 1,011,255 


* Note that some rounding has occurred. 


“Again we see that the value of the swap = 1,016,332 — 1,011,255 = $5,077. 


Valuing an Interest Rate Swap With FRAs 


AIM 29.8: Value a plain vanilla interest rate swap based on a sequence of forward 
rate agreements (FRAs). 


At settlement, the payment made on a forward rate agreement is the notional amount 
multiplied by the difference between a market (floating) rate such as LIBOR and the 
contract (fixed) rate specified in the FRA. This is identical to a periodic payment on an 
interest rate swap when the reference floating rates and notional principal amounts are the 
same and the swap fixed rate is equal to the contract rate specified in the FRA. Viewed this 
way, we can see that an interest rate swap is equivalent to a series of FRAs. One way to value 
a swap would be to use expected forward rates to forecast the expected net cash flows and 
then discount these expected cash flows at the corresponding spot rates, consistent with 
forward rate expectations. 


asee bist 


terest Tate swa swap > with twe tw pon 
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calculate the value of the swap, we'll need to find the floating rate cash flows by 
culating the expected forward rates via the LIBOR based spot curve. 


first floating rate cash flow is calculated in a similar fashion to the previous example. 
LIBOR rate (last payment date): 5%. 


„Floating rate cash flow in 3 months: 1,000,000 x 0.05 / 2 = $25,000. 


e second floating rate cash flow is calculated by finding the forward rate that 
responds to the period between 3 months and 9 months. To calculate forward rate for 
: period between 3 and 9 months, use the previously mentioned forward rate formula: 


R forward a R2 F (Ro aS Ry ) T = É l 


0.2 
R forward = 0.056 + (0.056 —0.054) -> = 55 70.057 = 5.7% 


is rate is a continuously compounded rate, so we need to find the equivalent forward 
e with semiannual compounding: 


 Riorward (SC) = 2 * [e@-97?) — 1] = 0.05782 = 5.782% 


. Floating rate cash flow in 9 months: 1,000,000 x 0.05782 / 2 = $28,910 


The third floating rate cash flow is calculated by finding the forward rate that corresponds 
the period between 9 months and 15 months. 


R forward = 0.058 + (0.058 — 0.056) 2? = 0.061 = 6.1% 
1.25—0.75 


Reorward (SC) = 2 * [e-961/2) — 1] = 0.06194 = 6.1939% 


Floating rate cash flow in 15 months: 1,000,000 x 0.061939 / 2 = $30,969 


Figure 5: Valuing an Interest Rate Swap Based on a Sequence of FRAs 


Fixed Cash Floating Cash Present Value PV Fixed PV Floating 


dime Flow Flow Factor CF CF 

0.25 (3 months) 30,000 25,000 0.9866* 29,598 24,665 
0.75 (9 months) 30,000 28,910 0.9589" 28,766 27,721 
1:25 (15 months) 30,000 30,969 0.9301* 27,902 28,803 
Total 86,266 81,189 


is Note that some rounding has occurred. 


‘The value of the swap based on a sequence of FRAs = 86,266 — 81,189= $5,077. 
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As you can see from the previous two examples, valuing a swap based on a sequence 
of forward rate agreements produces the same result as valuing a swap based on two 
simultaneous bond positions. 


CURRENCY SWAPS 


AIM 29.9: Explain the mechanics of a currency swap and compute its cash flows. 


AIM 29.12: Value a currency swap based on two simultaneous bond positions. 


A currency swap exchanges both principal and interest rate payments with payments in 
different currencies. The exchange rate used in currency swaps is the spot exchange rate. The 
valuation and application of currency swaps is similar to the interest rate swap. However, 
since the principals in a currency swap are not the same currency, they are exchanged at the 
inception of the currency swap so that they have equal value using the spot exchange rate. 
Also, the periodic cash flows throughout the swap are not netted as they are in the interest 
rate swap. 


Suppose we have two companies, A and B, that enter into a fixed-for-fixed currency swap 
with periodic payments annually. Company A pays 6% in Great Britain pounds (GBP) to 
Company B and receives 5% in U.S. dollars (USD) from Company B. Company A pays a 
principal amount to B of USD175 million, and B pays GBP100 million to A at the outset 
of the swap. Notice that A has effectively borrowed GBP from B and so it must pay interest 
on that loan. Similarly, B has borrowed USD from A. The cash flows in this swap are 
actually more easily computed than in an interest rate swap since both legs of the swap are 
fixed. Every period (12 months), A will pay GBP6 million to B, and B will pay USD8.75 
million to A. At the end of the swap, the principal amounts are re-exchanged. 


From Company A’s perspective, there are two series of cash flows: one fixed GBP cash flow 
stream going out and one fixed USD cash flow stream coming in. Essentially, A has a long 
position in a USD-denominated note (since it’s an inflow) and a short position in a GBP- 

denominated note (since it’s an outflow). 


If we denote the present value of the GBP-denominated payments as Bcpp and the present 
value of the USD payments as Bycp; the value of the swap in USD to Company A is: 


Vwap(USD) = Busp — So x Bgpp) 


where: 


Sp = spot rate in USD per GBP 
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AIM 29.13: Value a currency swap based on a sequence of FRAs. 


The value of a currency swap can also be calculated based on a sequence of FRAs. 


ampl Value of ee FRAs ae ee 


uppose’ the yield curves in the United Gites and Coser Briain a are far 
respectively, and the current spot exchange rate is USD1. 50 = GBP1. 


ompute. the value of the currency swap ‘discussed, previously using a sequence o 
Company. A. Assume the ‘swap-r will. last for three more e years., 


“The corresponding forward rates Ge as follows: ' 


Figurë 6: Forward. Rates 


o Near2- $1.44/E 
S Year3 ©- $L41/£ | 


Professors Note: The year 1 forward rate is jalta ds follows an 

F, = 1.560009! = $1:47/£. Interest rate parity suggests that the dol, 
will appreciate relative to the pound, so the $/£ forward rate will. declin 
` (ice. it will take fewer USD to buy 1 GBP). We will discuss. interest 
sper in the foreign alare risk apie ( Topic 34). ai 
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Answer: 
Figure 7 denotes the cash flows and forward rates for this currency swap. 


Figure 7: Valuing a Currency Swap Based on a Sequence of FRAs 


. USD Cash GBP Cash Forward: © © Na Cash’ ` PVofNet . 
Time Flow . Flow, Rate. $Valueof£. Flows CF o 
1: 875 - :6: L47- . 8.82 0.07, — -0.069_ - 
a u BS S 6° 144° - 8.64 0.11 0.106 
3 875° * 6 O 141 846 > 0.29 © 0.273 
ais A o Oa | ee” Se” 
Total OE G e are). eee 


* Note some rounding has occurred. 
Ignoring the rounding differences, we see that the value of the currency swap to ~ 


‘Company A is 32 million. using both ee two o simultaneous bond poseons a me: 5 r 
' forward rateagreements: +- : jph den whos He See wake A aT 


Using a Currency Swap to Transform Existing Positions 


AIM 29.11: Explain how a currency swap can be used to transform an asset or 


liability and calculate the resulting cash flows. 


Currency swaps can be combined with existing positions to completely alter the risk of a 
liability or an asset. For example, suppose that Company A has a dollar-based liability. By 
entering into a currency swap, the liability has become a pound-based liability at the GBP 
fixed (or floating) rate. 


Comparative Advantage 


AIM 29.10: Describe the comparative advantage argument for the existence of 
currency swaps. 


Comparative advantage is also used to explain the success of currency swaps. Typically, a 
domestic borrower will have an easier time borrowing in his own currency. This often results 
in comparative advantages that can be exploited by using a currency swap. The argument 

is directly analogous to that used for interest rate swaps. Suppose A and B have the 5-year 
borrowing rates in the United States and Germany (EUR) shown in Figure 8. 
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Because V (A) + V. 


Figure 8: Borrowing Rates 


Borrowing Rates for A and B 
Company USD Borrowing EUR Borrowing 
A 5.0% 7.0% 
B 6.0% 7.5% 


Company A needs EUR, and Company B needs USD. Company A has an absolute 
advantage in both markets but a comparative advantage in the USD market. Notice that 
the differential between A and B in the USD market is 1%, or 100 basis points (bps), and 
the corresponding differential in the EUR market is only 50 basis points. When this is the 
case, A has a comparative advantage in the USD market, and B has a comparative advantage 
in the EUR market. The net potential borrowing savings by entering into a swap is the 
difference between the differences, or 50 bps. In other words, by entering into a currency 
swap, the savings for both A and B totals 50 bps. 


Swap Crepir Risk 


AIM 29.14: Discuss the role of credit risk inherent in an existing swap position. 


San swap B) = 0, whenever one side of a swap has a positive value, the other 
side must be negative. For example, if V wap > 0, V wap(B) < 0. As V wap(A) increases 
in value, V „ap(B) must become more negative. This results in increased credit risk to A 
since the likelihood of default increases as B has larger and larger payments to make to 
A. However, the potential losses in swaps are generally much smaller than the potential 
losses from defaults on debt with the same principal. This is because the value of swaps is 


generally much smaller than the value of the debt. 


OTHER TYPES OF SWAPS 


AIM 29.15: List and define other types of swaps, including commodity, volatility 


and exotic swaps. 


In an equity swap, the return on a stock, a portfolio, or a stock index is paid each period by 
one party in return for a fixed-rate or floating-rate payment. The return can be the capital 
appreciation or the total return including dividends on the stock, portfolio, or index. 


In order to reduce equity risk, a portfolio manager might enter into a 1-year quarterly 

pay S&P 500 index swap and agree to receive a fixed rate. The percentage increase in the 
index each quarter is netted against the fixed rate to determine the payment to be made. 

If the index return is negative, the fixed-rate payer must also pay the percentage decline in 
the index to the portfolio manager. Uniquely among swaps, equity swap payments can be 
floating on both sides and the payments are not known until the end of the quarter. With 
interest rate swaps, both the fixed and floating payments are known at the beginning of the 


period for which they will be paid. 
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A swap on a single stock can be motivated by a desire to protect the value of a position over 
the period of the swap. To protect a large capital gain in a single stock, and to avoid a sale 
for tax or control reasons, an investor could enter into an equity swap as the equity-returns 
payer and receive a fixed rate in return. Any decline in the stock price would be paid to the 
investor at the settlement dates, plus the fixed-rate payment. If the stock appreciates, the 
investor must pay the appreciation less the fixed payment. 


A swaption is an option which gives the holder the right to enter into an interest rate swap. 
Swaptions can be American- or European-style options. Like any option, a swaption is 
purchased for a premium that depends on the strike rate (the fixed rate) specified in the 
swaption. 


Firms may enter into commodity swap agreements where they agree to pay a fixed rate for 
the multi-period delivery of a commodity and receive a corresponding floating rate based on 
the average commodity spot rates at the time of delivery. Although many commodity swaps 
exist, the most common use is to manage the costs of purchasing energy resources such as 
oil and electricity. 


A volatility swap involves the exchanging of volatility based on a notional principal. One 
side of the swap pays based on a pre-specified volatility while the other side pays based on 
historical volatility. 


As you can see, many different types of swaps exist. Some additional examples include: 
accrual swaps, cancelable swaps, index amortizing rate swaps, and constant maturity swaps. 
Swaps are also sometimes created for exotic structures. An example of an exotic swap was 
between Procter and Gamble and Banker’s Trust where P&G’s payments were based on the 
commercial paper rate. 
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Key CONCEPTS 


1. A plain vanilla interest rate swap exchanges floating-rate payments (LIBOR) for fixed- 
rate payments over the life of the swap. 


2. The floating rate payments at ¢ in a plain vanilla interest rate swap are computed using 
the floating rate at time t — 1. 


3. Swaps can be combined with existing asset and liability positions to drastically change 
the interest rate risk. 


4. A swap dealer or financial intermediary facilitates the ability to enter into swaps. 


5. The comparative advantage argument suggests that when one of two borrowers has a 
comparative advantage in either the fixed- or floating-rate market, both borrowers will 
be better off by entering into a swap to exploit the advantage. 


6. The comparative advantage argument is flawed in that it assumes rates can be borrowed 
for the life of the swap. It also ignores the credit risk associated with the swap that does 
not exist if funds were raised directly in the capital markets. 


7. A swap is equivalent to a simultaneous position in two bonds or a series of forward rate 
agreements (FRAs). 


8. The value of a swap to the fixed-rate receiver at a point in time is the difference 
between the present value of the remaining fixed-rate payments and the present value 
of the remaining floating-rate payments. 


9. A currency swap exchanges interest rate payments in two different currencies. 


10. Credit risk is an important factor in existing swap positions, although potential losses 
are usually smaller than that with debt agreements. 


11. Many different types of swaps exist. Examples of swaps, in addition to interest rate 
swaps and commodity swaps, include: equity swaps, commodity swaps, and volatility 
swaps. 
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CONCEPT CHECKERS 


Use the following data to answer Question 1. 


Two companies, C and D, have the borrowing rates shown in the following table. 


Borrowing Rates for C and D 
Company Fixed Borrowing Floating Borrowing 

C 10% LIBOR + 50 bps 
D 12% LIBOR + 100 bps 

l. 

2. 

3. 

4, 


According to the comparative advantage argument, what is the total potential 
savings for C and D if they enter into an interest rate swap? 


A. 0.5%. 
B. 1.0%. 
C. 1.5%. 
D. 2.0%. 


Which of the following is most accurate regarding the credit risk of a currency swap? 
As the value of the: 


I. domestic currency leg increases, so does the credit risk of the domestic currency 
payer. 

II. foreign currency leg increases, so does the credit risk of the foreign currency 
payer. 

I only. 

II only. 

Both I and II. 

Neither I nor II. 


OO > 


Which of the following would properly transform a floating-rate liability to a fixed- 
rate liability? Enter into a pay: 
foreign currency swap. 
B. fixed interest rate swap. 
C. domestic currency swap. 
D. floating interest rate swap. 


Use the following information to determine the value of the swap to the floating rate 
payer using the bond methodology. Assume we are at the floating rate reset date. 


¢ $1 million notional value, semiannual, 18-month maturity. 
Spot LIBOR rates: 6 months, 2.6%; 12 months, 2.65%; 18 months, 2.75%. 
e The fixed rate is 2.8%, with semiannual payments. 


A. -$66. 
B. $476. 
C. $3,425. 
D. $5,077. 
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5. Suppose Company X pays 5% annually (in euros) to Company Y and receives 4% 
annually (in dollars). Company X pays a principal amount of $150 million to Y, 
and Y pays a €100 million to X at the inception of the swap. Assume the yield curve 
is flat in the United States and in Germany (Furope). The U.S. rate is 3%, and the 
German rate is 5%. The current spot exchange rate is $1.45/€. What is the value of 
the currency swap to Company X using the bond methodology if it is expected to 
last for two more years? 

A. $3.53 million. 
B. $52.98 million. 
C. $8.09 million. 
D. $12.74 million. 
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CONCEPT CHECKER ANSWERS 


The difference of the differences is (12% — 10%) — [LIBOR + 1% — (LIBOR + 0.5%)] = 
1.5%. 


As one currency (A) appreciates relative to another currency (B), the value of a currency swap 
increases on behalf of the currency A payer. As a result, the credit risk of the currency B payer 
increases. 


The fixed interest rate swap will allow for the conversion of a floating-rate liability to a fixed- 
rate liability. 


Be = ($14,000 x e ~(0-926%9.5)] + [$14,000 x e~(0-0265x1.0)] + [($1,000,000 + $14,000) x 
e ~(0.0275x1.5)) -= $13,819 + $13,634 + $973,023 = $1,000,476 


Note that we are at a (semiannual) reset date, so the floating rate portion has a value equal to 
the notional amount. 


Vewap = (Bax ~ Baoating) = $1,000,476 — $1,000,000 = $476 

Bg = Ge 003x] + 156e 0032 _ g5 89. $146.92 = $152.74 
= —0.05x —0.05x2 

Be = 5e 005] + 105e 9? _ 64.76 + €95.00 = €99.76 


V wa (to X) = 152.74 — (1.45 x 99.76) = $8.09 million 


swap 
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The following is a review of the Financial Markets and Products principles designed to address the AIM 
statements set forth by GARP®. This topic is also covered in: 


PROPERTIES OF STOCK OPTIONS 


Topic 30 


Exam Focus 


Stock options have several properties relating both to their value and to the factors that affect 
their price. Six factors affect option prices: the current value of the stock; the strike price; 

the time to expiration; the volatility of the stock price; the risk-free rate; and dividends. The 
value of stock options have upper and lower pricing bounds. Be familiar with these pricing 
bounds as well as the relationships that exist between the value of European and American 
options. 


Sıx Facrors THAT AFFECT OPTION PRICES 


AIM 30.1: Identify the six factors that affect an option’s price and discuss how 
these six factors affect the price for both European and American options. 


The following six factors will impact the value of an option: 


Sọ = current stock price. 

= strike price of the option. 

time to expiration of the option. 

= short-term risk-free interest rate over T. 

= present value of the dividend of the underlying stock. 
= expected volatility of stock prices over T. 


AA AWN 
a gx 
Hl 


When evaluating a change in any one of the factors, hold the other factors constant. 
Current Price of the Stock 


For call options, as S increases (decreases), the value of the call increases (decreases). For put 
options, as S increases (decreases), the value of the put decreases (increases). This simply 
states that as an option becomes closer to or more in-the-money, its value increases. 


Strike Price of the Option 


The effect of strike prices on option values will be exactly the opposite of the effect of 
the current price of the stock. For call options, as X increases (decreases), the value of the 
call decreases (increases), For put options, as X increases (decreases), the value of the put 
increases (decreases). This is the same as the logic for the current price of the stock: the 
option’s value will increase as it becomes closer to or more in-the-money. 
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The Time to Expiration 


For American-style options, increasing time to expiration will increase the option value. 
With more time, the likelihood of being in-the-money increases. A general statement 
cannot be made for European-style options. Suppose we have a 1-month and 3-month call 
option on the same underlying with the same exercise price. Also suppose a large dividend is 
expected to be paid in two months. Because the stock price and 3-month option price will 
fall when the dividend is paid in two months, the 1-month option may be worth more than 
the 3-month option. 


The Risk-Free Rate Over the Life of the Option 


As the risk-free rate increases, the value of the call (put) will increase (decrease). The 
intuition behind this property involves arbitrage arguments that require the use of synthetic 
securities. 


Dividends 


The option owner does not have access to the cash flows of the underlying stock, and the 
stock price decreases when a dividend is paid. Thus, as the dividend increases, the value of 
the call (put) will decrease (increase). 


Volatility of the Stock Price Over the Life of the Option 


Volatility is the friend of all options. As volatility increases, option values increase. This is 
due to the asymmetric payoff of options. Since long option positions have a maximum loss 
equal to the premium paid, increased volatility only increases the chances that the option 
will expire in-the-money. Many consider volatility to be the most important factor for 
option valuation. 


Figure 1 summarizes the factors’ effects on option prices: “+” indicates a positive effect on 
option price from an increase in the factor, and “—” is a negative effect on option price. 


Figure 1: Summary of Effects of Increasing a Factor on the Price of an Option 


Factor European Call European Put American Call American Put 


S + -= + - 
X - + — + 
T ? ? + + 
o + + + + 
r + — + - 
D = + — + 
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UPPER AND LOWER PRICING BOUNDS 


AIM 30.2: Identify, interpret and compute upper and lower bounds for option 
prices. 


In addition to those previously introduced, consider the following variables: 


e c = value of a European call option. 
e C _ =value of an American call option. 
e p = value of a European put option. 


e P = value of an American put option. 
e Sy, = value of the stock at expiration. 


Also, assume in the following examples that there are no transaction costs, all profits are 
taxed at the same rate, and borrowing and lending can be done at the risk-free rate. 


Upper Pricing Bounds for European and American Options 


A call option gives the right to purchase one share of stock at a certain price. Under no 
circumstance can the option be worth more than the stock. If it were, everyone would sell 
the option and buy the stock and realize an arbitrage profit. We express this as: 


c<S,andC < So 


Similarly, a put option gives the right to sell one share of stock at a certain price. Under no 
circumstance can the put be worth more than the sale or strike price. If it were, everyone 
would sell the option and invest the proceeds at the risk-free rate over the life of the option. 
We express this as: 


p<XandP<X 


For a European put option, we can further reduce the upper bound. Since it cannot be 
exercised early, it can never be worth more than the present value of the strike price: 


p < Xe-T 


Lower Pricing Bounds for European Calls on Nondividend-Paying Stocks 


Consider the following two portfolios: 


e Portfolio P}: one European call, c, with exercise price X plus a zero-coupon risk-free 
bond that pays Xat T. 
* Portfolio P,: one share of the underlying stock, S. 


At expiration, T, Portfolio P, will always be the greater of X (when the option expires out- 
of-the-money) or Sy (when the option expires in-the-money). Portfolio P,, on the other 
hand, will always be worth Sr- Therefore, P, is always worth at least as much as P, at 
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expiration. If we know that at T, P, > P,, then it always has to be true because if it were 
not, arbitrage would be possible. Therefore, we can state the following: 


c+Xet! > So 


Since the value of a call option cannot be negative (if the option expires out-of-the-money, 
its value will be zero), the lower bound for a European call on a nondividend-paying stock 
is: 


c > max (Sy - Xe"! 0) 


Lower Pricing Bounds for European Puts on Nondividend-Paying Stocks 


Consider the following two portfolios: 


e Portfolio P}: one European put, p, plus one share of the underlying stock, S. 
e Portfolio P,: zero-coupon risk-free bond that pays X at T. 


At expiration, T, Portfolio P, will always be the greater of X (when the option expires 
in-the-money) or Sq (when the option expires out-of-the-money). Portfolio P,, on the 
other hand, will always be worth X. Therefore, P, is always worth at least as much as P, at 
expiration. If we know that at T, P, > Pz, it has to be true always because if it were not, 
arbitrage would be possible. Therefore, we can state the following: 


p + So 2 ne 


Since the value of a put option cannot be negative (if the option expires out-of-the-money, 
its value will be zero), the lower bound for a European put on a nondividend-paying stock 
is: 


p > max (XetT — So 9) 


COMPUTING OPTION VALUES Usine PUT-CALL PARITY 


AIM 30.3: Explain put-call parity and calculate, using the put-call parity on a non- 
dividend-paying stock, the value of a European and American option, respectively. 


The derivation of put-call parity is based on the payoffs of two portfolio combinations, a 
fiduciary call and a protective put. 


A fiduciary call is a combination of a pure-discount (i.e., zero coupon), riskless bond 

that pays X at maturity and a call with exercise price X. The payoff for a fiduciary call at 
expiration is X when the call is out of the money, and X + (S — X) = S when the call is in the 
money. 
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A protective put is a share of stock together with a put option on the stock. The expiration 
date payoff for a protective put is (X — S) + S = X when the put is in the money, and S when 
the put is out of the money. 


Professors Note: When working with put-call parity, it is important to note 
that the exercise prices on the put and the call and the face value of the riskless 
bond are all equal to X. 


When the put is in the money, the call is out of the money, and both portfolios pay X at 
expiration. 


Similarly, when the put is out of the money and the call is in the money, both portfolios pay 
S at expiration. 


Put-call parity holds that portfolios with identical payoffs must sell for the same price to 
prevent arbitrage. We can express the put-call parity relationship as: 


c+Xe*T=S4p 


Equivalencies for each of the individual securities in the put-call parity relationship can be 
expressed as: 


S =c-p+Xet! 


p =c—S$+Xert! 
c =S +p- Xe”T 
XeT-=S+p-c 


The single securities on the left-hand side of the equations all have exactly the same 
payoffs as the portfolios on the right-hand side. The portfolios on the right-hand side 

are the “synthetic” equivalents of the securities on the left. Note that the options must be 
European-style and the puts and calls must have the same exercise price for these relations 


to hold. 


For example, to synthetically produce the payoff for a long position in a share of stock, you 
use the relationship: 


S=c-p + Xe~T 


This means that the payoff on a long stock can be synthetically created with a long call, a 
short put, and a long position in a risk-free discount bond. 


The other securities in the put-call parity relationship can be constructed in a similar 
manner. 


Professors Note: After expressing the put-call parity relationship in terms of the 
security you want to synthetically create, the sign on the individual securities 
will indicate whether you need a long position (+ sign) or a short position 

(— sign) in the respective securities. 
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Lower PRICING BOUNDS FOR AN AMERICAN CALL OPTION ON A 
NONDIVIDEND-PAYING STOCK 


AIM 30.4: Explain the early exercise features of American call and put options on a 
non-dividend-paying stock and the price effect early exercise may have. 


Recall the following equation from our earlier discussion of the lower pricing bounds for a 
European call option: 


c > max (Sy) — XetT 0) 


Since the only difference between an American option and a European option is that the 
American option can be exercised early, American options can always be used to replicate 
their corresponding European options simply by choosing not to exercise them until 
expiration. Therefore, it follows that: 


C > c > max (Sy — Xe“, 0) 


Note that when an American call is exercised, it is only worth Sọ — X. Since this value is 
never larger than S} — Xe" for any rand T > 0, it is never optimal to exercise early, In 
other words, the investor can keep the cash equal to X, which would be used to exercise 
the option early, and invest that cash to earn interest until expiration. Since exercising the 
American call early means that the investor would have to forgo this interest, it is never 
optimal to exercise an American call on a nondividend-paying stock before the expiration 


date (i.e., c = C). 


©2012 Kaplan, Inc. 


Page 101 


Topic 30 
Cross Reference to GARP Assigned Reading — Hull, Chapter 10 


Lower PRICING BOUNDS FOR AN AMERICAN Put OPTION ON A 
NONDIVIDEND-PayING STOCK 


While it is never optimal to exercise an American call on a nondividend-paying stock, 
American puts are optimally exercised early if they are sufficiently in-the-money. If an 
option is sufficiently in-the-money, it can be exercised, and the payoff (X — S)) can be 
invested to earn interest. In the extreme case when So is close to zero, the future value of the 


exercised cash value, Xe", is always worth more than a later exercise, X. We know that: 


P > p > max (Xe*? — So» 0) for the same reasons that C > c 


However, we can place an even stronger bound on an American put since it can always be 
exercised early: 


P > max X- Sp, 0) 


Figure 2 summarizes what we now know regarding the boundary prices for American and 
European options. 


Figure 2: Lower and Upper Bounds for Options 


Option Minimum Value Maximum Value 
European call c2 max (0, Sọ — Xet!) So 
American call C 2 max (0, Sọ- Xe“) So 
European put p 2 max (0, Xert — So) Xet?t 
American put P 2 max (0, X- Sp) x 


O Professors Note: For the exam, know the price limits in Figure 2. You will not be 
asked to derive them, but you may be expected to use them. 
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l Example: Minimum prices for American vs. ‘European calls 


RELATIONSHIP BETWEEN AMERICAN CALL OPTIONS AND Put OPTIONS 


Put-call parity only holds for European options. For American options, we have an 
inequality. This inequality places upper and lower bounds on the difference between the 
American call and put options. 


So- X <C- P < Sg- XET 
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Tue Impact of DIviDENDS ON OPTION PRICING BOUNDS 


AIM 30.5: Discuss the effects dividends have on the put-call parity, the bounds of 


put and call option prices, and on the early exercise feature of American options. 


Since most stock options have an expiration of less than a year, dividends can be estimated 
fairly accurately. Recall that to prevent arbitrage, when a stock pays a dividend, its value 
must decrease by the amount of the dividend. This increases the value of a put option and 
decreases the value of a call option. 


Consider the following portfolios: 
* Portfolio P,: one European call option, c, plus cash equal to D + Xe*7. 


e Portfolio P}: one share of the underlying stock, S. 


Similar to the development of the c > max (Sp) — Xe!) 0) equation, Portfolio Pg is always 
at least as large as P,,, or: 


c> So ~ D - Xe™T 


All else equal, the payment of a dividend will reduce the lower pricing bound for a call 
option. 
For put options: 


* Portfolio P,: one European put, p, plus one share of the underlying stock, S. 
* Portfolio Py: cash equal to D + Xe“! 


Using the same development as the p > max (Xerl _ § 


p>D+Xetl_§, 


o» 0) equation: 


All else equal, the payment of a dividend will increase the lower pricing bound for a put 
option. 


IMPACT OF DIVIDENDS ON EARLY EXERCISE FOR AMERICAN CALLS AND 
PuUT-CALL PARITY 


When the dividend is large enough, American calls might be optimally exercised early. 
This will be the case if the amount of the dividend exceeds the amount of interest that is 
forgone as a result of the early exercise. Note that if a large dividend makes early exercise 
optimal, exercise should take place immediately before the ex-dividend date. Put-call parity 
is adjusted for dividends in the following manner: 


p+Sy=c+t D + Xe~T 
This equation is verified using the same development as was used to derive the 
p + So = € + Xe! equation. The S} ~X < C — P < Sọ — Xe“! equation that we used to 


show the relationship between American call and put options is modifed as follows: 


Sy)-X-D<C-P<S,-Xet™ 
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KEY CONCEPTS 


1. 


10. 


Six factors influence the value of an option: current value of the underlying asset 
(stock); the strike price; the time to expiration of the option; the volatility of the stock 
price; the risk-free rate; and dividends. 


With the exception of time to expiration, all of the above factors affect European- and 
American-style options in the same way. 


Call options cannot be worth more than the underlying security, and put options 
cannot be worth more than the strike price. 


When the stock does not pay a dividend, European call options cannot be worth less 
than the difference between the current stock price and the present value of the strike 
price. European put options cannot be worth less than the difference between the 
present value of the strike price and the current stock price. 


Put-call parity is a no-arbitrage relationship for European-style options with the same 
characteristics. It states that a portfolio consisting of a call option and a zero-coupon 
bond with a face value equal to the strike must have the same value as a portfolio 
consisting of the corresponding put option and the stock: 


p + Sg = c + XET 


It is never optimal to exercise an American call option on nondividend-paying stock 
prior to expiration. 


American put options on nondividend-paying stocks can be optimally exercised prior 
to expiration if the put is sufficiently in-the-money. 


Call options are always worth more than corresponding put options prior to expiration 
when both are at-the-money. 


The difference between prices of an American call and corresponding put is bounded 
below by the difference between the current stock price and strike price, and above by 
the difference between the current stock price and the present value of the strike price. 


Dividends will affect the pricing bounds and parity relationships for both calls and 
puts. 
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1. 
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Which of the following will not cause a decrease in the value of a European call 

option position on XYZ stock? 

A. XYZ declares a 3-for-1 stock split. 

B. XYZ raises its quarterly dividend from $0.15 per share to $0.17 per share. 

C. The Federal Reserve lowers interest rates by 0.25% in an effort to stimulate the 
economy. 


D. Investors believe the volatility of XYZ stock has declined. 


Consider a European put option on a stock trading at $50. The put option has an 
expiration of six months, a strike price of $40, and a risk-free rate of 5%. The lower 
bound and upper bound on the put are: 


A. $10, $40.00. 
B. $10, $39.01. 
C. $0, $40.00. 
D. $0, $39.01. 


Consider a 1-year European put option that is currently valued at $5 on a $25 stock 
and a strike of $27.50. The 1-year risk-free rate is 6%. Which of the following is 
closest to the value of the corresponding call option? 


A. $0.00. 
B. $3.89. 
C. $4.10. 
D. $5.00. 


Consider an American call and put option on the same stock. Both options have the 
same 1-year expiration and a strike price of $45. The stock is currently priced at $50, 
and the annual interest rate is 10%. Which of the following could be the difference 
in the two option values? 


A. $4.95. 
B. $7.95. 
C. $9.35. 
D. $12.50. 


According to put-call parity for European options, purchasing a put option on ABC 
stock would be equivalent to: 

buying a call, buying ABC stock, and buying a zero-coupon bond. 

buying a call, selling ABC stock, and buying a zero-coupon bond. 

selling a call, selling ABC stock, and buying a zero-coupon bond. 

. buying a call, selling ABC stock, and selling a zero-coupon bond. 


OOF > 
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CONCEPT CHECKER ANSWERS 


I; 


A 


After a stock split, both the price of the stock and the strike price of the option will be 
adjusted, so the value of the option position will be the same. An increase in the dividend, a 
lower risk-free interest rate, and lower volatility of the price of the underlying stock, will all 
decrease the value of a European call option. 


The upper bound is the present value of the exercise price: $40 x e?-05x0.5 = $39.01. Since 
the put is out-of-the-money, the lower bound is zero. 


c= p—Xe*l +S, = $5 — $27.50e 00! + $25 = $4.10 


The upper and lower bounds are: S4- X < C- P< S)- Xe“T or $5 <C-P < $9.28. 
Only $7.95 falls within the bounds. 


The formula for put-call parity is p + Sy = c + Xe™T. Rearranging to solve for the price of a 


put, we have p = c — Sot Xe~T, 
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The following is a review of the Financial Markets and Products principles designed to address the AIM 
statements set forth by GARP®. This topic is also covered in: 


TRADING STRATEGIES INVOLVING 
OPTIONS 


Topic 31 


Exam Focus 


Traders and investors use option-based trading strategies to create an extraordinary spectrum 
of payoff profiles. This enables investors to take positions based on almost any possible 
expectation of the underlying stock over the life of the options. This topic describes the 
common option trading strategies and implementation. For the exam, know the general 
payoff graphs for each strategy discussed. In addition, know how to calculate the payoff for 
some of the more popular strategies including protective put, covered call, bull call spread, 
butterfly spread, and straddle. 


Basics oF Put OPTIONS AND CALL OPTIONS 


Option contracts have asymmetric payoffs. The buyer of an option has the right to exercise 
the option but is not obligated to exercise. Therefore, the maximum loss for the buyer of 
an option contract is the loss of the price (premium) paid to acquire the position, while the 
potential gains in some cases are theoretically infinite. Because option contracts are a zero- 
sum game, the seller of the option contract could incur substantial losses, but the maximum 
potential gain is the amount of the premium received for writing the option. 


To understand the potential returns, we need to introduce the standard symbols used to 
represent the relevant factors: 


X = strike price or exercise price specified in the option contract (a fixed value) 

S, = price of the underlying asset at time t 

C, = the market value of a call option at time t 

P, = the market value of a put option at time t 

t = the time subscript, which can take any value between 0 and T, where T is the 


maturity or expiration date of the option 
Call Options 


A call option gives the owner the right, but not the obligation, to buy the stock from the 
seller of the option. The owner is also called the buyer or the holder of the long position. The 
buyer benefits, at the expense of the option seller, if the underlying stock price is greater 
than the exercise price. The option seller is also called the writer or holder of the short 
position. 


At maturity, time T, if the price of the underlying stock is less than or equal to the strike 
price of a call option (i.e., Sy < X), the payoff is zero, so the option owner would not 
exercise the option. On the other hand, if the stock price is higher than the exercise price 
(i.e., S > X) at maturity, then the payoff of the call option is equal to the difference 
between the market price and the strike price (S+ — X). The “payoff” (at the option’s 
maturity) to the call option seller, which will be at most zero, is the mirror image (opposite 
sign) of the payoff to the buyer. 
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Because of the linear relationships between the value of the option and the price of the 
underlying asset, simple graphs can clearly illustrate the possible value of option contracts at 
the expiration date. Figure 1 illustrates the payoff of a call with an exercise price equal to 50. 


© Professor’s Note: An option payoff graph ignores the initial cost of the option. 


Figure 1: Payoff of Call With Exercise Price Equal to 50 


Call Payoff 
$10 fr--e reer rere seve ener ccnceee se eeeenes ---4 $10 = $60 — $50 
(payoff to call buyer) 
-$10 -$10 = $50 — $60 
(payoff to call seller) 


Stock Price 
$50 $60 
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Another popular way of writing this is with the “max (0, variable)” notation, as you have 
seen in the previous topic. If the variable in this expression is greater than zero, then max 
(0, variable) = variable; if the variable’s value is less than zero, then max (0, variable) = 0. 

Thus, letting the variable be the quantity S} — X, we can write: 


Cy = max (0, Sp- X) 


The payoff to the option seller is the negative value of these numbers. In what follows, 
we will always talk about payoff in terms of the option owner unless otherwise stated. We 
should note that max (0, S,— X), where 0 < t < T, is also the payoff if the owner decides to 
exercise the call option early. In this topic, we will only consider time Tin our analysis. 


Although our focus here is not to calculate C, we should clearly define it as the initial cost 
of the call when the investor purchases at time 0, which is T units of time before T. Cp is 
also called the premium. Thus, we can write that the profit to the owner at t = T is: 


profit = C,—C) 


This says that at time T the owner's profit is the option payoff minus the premium paid at 
time 0. Incorporating Cg into Figure 1 gives us the profit diagram for a call at expiration, 
and this is Figure 2. 


Figure 2 illustrates an important point, which is that the profit to the owner is negative 
when the stock price is less than the exercise price plus the premium. At expiration, we can 
say that: 


ifS;<X+C, then: call buyer profit < 0 < call seller profit 
ifSp=X+C) then: call buyer profit = 0 = call seller profit 
ifS;>X+C, then: call buyer profit > 0 > call seller profit 


The breakeven price is a very descriptive term that we use for X + Cp, or X + premium. 
Figure 2: Profit Diagram for a Call at Expiration 
Call Payoff/Profit 


premium = Cy ro xX buyer profit = 
warren eee e nee e nen en nen z Sr—X—Cp 
0 Se eee eee eee eT 
Balle e ta tahat coat iat tats w seller profit = 


— premium 


Sy X-Sr+Co 


(g 


Stock Price 


X X + premium = 
breakeven stock price 
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Put Options 


If you understand the properties of a call, the properties of a put should come to you fairly 
easily. A put option gives the owner the right to sell a stock to the seller of the put at a 
specific price. At expiration, the buyer benefits if the price of the underlying is less than the 
exercise price X: 


Pp=X-S, if Sp<X 
Pr=0 3s if X<S, 


or: 
P = max (0, X — Sy) 


For example, an investor writes a put option on a stock with a strike price of X = 50. If the 
stock stays at $50 or above, the payoff of the put option is zero (because the holder may 
receive the same or better price by selling the underlying asset on the market rather than 
exercising the option). But if the stock price falls below $50, say to $40, the put option may 
be exercised with the option holder buying the stock from the market at $40 and selling it 
to the put writer at $50, for a $10 gain. The writer of the put option must pay the put price 
of $50, when it can be sold in the market at only $40, resulting in a $10 loss. The gain to 
the option holder is the same magnitude as the loss to the option writer. Figure 3 illustrates 
this example, excluding the initial cost of the put and transaction costs. Figure 4 includes 
the cost of the put (but not transaction costs) and illustrates the profit to the put owner. 


Figure 3: Put Payoff to Buyer and Seller 
Put Payoff 


$10h $10 = $50 — $40 
(payoff to put buyer) 


-$10 -$10 = $40 — $50 
(payoff to put seller) 
— > Stock Price 


$40 $50 
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Given the “mirror image quality” that results from the “zero-sum game” nature of options, 
we often just draw the profit to the buyer as shown in Figure 4. Then, we can simply 
remember that each positive (negative) value is a negative (positive) value for the seller. 


Figure 4: Put Profit to Buyer 
Put Profit to Buyer 


exercise price 


stock price 


premium = P< 


The breakeven price for a put position upon expiration is the exercise price minus the 
premium paid, X — Pp. 


CovERED CALLS AND PROTECTIVE Puts 


AIM 31.1: Explain the motivation to initiate a covered call or a protective put 
strategy. 


When an at-the-money long put position is combined with the underlying stock, we have 
created a protective put strategy. A protective put (also called portfolio insurance or a hedged 
portfolio) is constructed by holding a long position in the underlying security and buying 

a put option. You can use a protective put to limit the downside risk at the cost of the put 
premium, Pp. You will see by the diagram in Figure 5 that the investor will still be able to 
benefit from increases in the stock’s price, but it will be lower by the amount paid for the 
put, Pp. Notice that the combined strategy looks very much like a call option. This should 
not be surprising since put-call parity requires that p + Są be the same as c + Xe!” Figure 5 
illustrates this property. 


Figure 5: Protective Put Strategy 


Profit 
Stock Payoff (portfolio profit/loss profile) 


| 


«— Protective Put 


Stock Price 


Put Option 
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Another common strategy is to sell a call option on a stock that is owned by the option 
writer. This is called a covered call position. By writing an out-of-the-money call option, the 
combined position caps the upside potential at the strike price. In return for giving up any 
potential gain beyond the strike price, the writer receives the option premium. This strategy 
is used to generate cash on a stock that is not expected to increase above the exercise price 
over the life of the option. 


Figure 6: Profit Profile for a Covered Call 
Profit 


stock profit 


covered call 


stock price 


` written call 


SPREAD STRATEGIES 


AIM 31.2: Describe and explain the use and payoff functions of spread strategies, 
including bull spread, bear spread, box spread, calendar spread, butterfly spread, 
and diagonal spread. 


AIM 31.3: Calculate the pay-offs of various spread strategies. 


Several spread strategies exist. These strategies combine options positions to create a desired 
payoff profile. The differences between the options are either the strike prices and/or the 
time to expiration. We will discuss bull and bear spreads, butterfly spreads, calendar spreads, 
and diagonal spreads. 


Bull and Bear Spreads 


In a bull call spread, the buyer of the spread purchases a call option with a low exercise price, 
X,, and subsidizes the purchase price of the call by selling a call with a higher exercise price, 
Xj, The buyer of a bull call spread expects the stock price to rise and the purchased call to 
finish in-the-money. However, the buyer does not believe that the price of the stock will rise 
above the exercise price for the out-of-the-money written call. 
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Figure 7: Bull Call Spread 


Profit 


breakeven price = X1 + Cro-Cm „~ long call at X, 


bull call spread 


Stock Price 


short call at Xy 


A bear call spread is the sale of a bull spread. That is, the bear spread trader will purchase the 
call with the higher exercise price and sell the call with the lower exercise price. This strategy 
is designed to profit from falling stock prices (i.e., a “bear” strategy). As stock prices fall, the 
investor keeps the premium from the written call, net of the long call’s cost. The purpose 
of the long call is to protect from sharp increases in stock prices. The payoff is the opposite 
(mirror image) of the bull call spread and is shown in Figure 8. 


Figure 8: Bear Call Spread 
Profit 


Long Cal 


Stock Price 


Bear Call Spread 


Short Call 


Puts can also be used to replicate the payoffs for both a bull call spread and a bear call 
spread. In a bear put spread the investor buys a put with a higher exercise price and sells a 
put with a lower exercise price. 
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Butterfly Spreads 


A butterfly spread involves the purchase or sale of three different call options. Here, the 
investor buys one call with a low exercise price, buys another call with a high exercise 
price, and sells zwo calls with an exercise price in between. The buyer of a butterfly spread 
is essentially betting that the stock price will stay near the strike price of the written calls. 
However, the loss that the butterfly spread buyer sustains if the stock price strays from 
this level is limited. The two graphs in Figure 9 illustrate the construction and payoffs of a 
butterfly spread. 


Figure 9: Butterfly Spread Construction and Behavior 
Profit Long Call w/ Low Exercise 


DS Long Call w/ High Exercise 
Two Short Calls . 


| 


Stock Price 


Remember, there are two 
short calls. As a result, the 
payoff to the butterfly spread 
does not flatten out on the 
upside until both long calls 
are in-the-money! 


Profit 


ee 2 


Stock Price 


Long Butterfly Spread 
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To create a butterfly spread with put options, the investor would buy a low and high 
strike put option and sell two puts with an intermediate strike price. Again, the combined 
position is constructed by summing the payoffs of the individual options at each stock 
Price. 


Calendar Spreads 


A calendar spread is created by transacting in two options that have the same strike price 
but different expirations. Figure 10 shows a calendar spread using put options. The strategy 
sells the short-dated option and buys the long-dated option. Notice that the payoff here is 
similar to the butterfly spread. The investor profits only if the stock remains in a narrow 
range, but losses are limited. In this case, the losses are not symmetrical as they are in the 
butterfly spread. A calendar spread based on calls is created in similar fashion. 


Figure 10: Calendar Spread 


Profit 


Stock Price 
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Diagonal Spreads 


A diagonal spread is similar to a calendar spread except that instead of using options with 
the same strike price and different expirations, the options in a diagonal spread can have 
different strike prices in addition to different expirations. 


Box Spreads 


A box spread is a combination of a bull call spread and a bear put spread on the same asset. 
The payoff to the box spread is always the same, so if the options are priced correctly, the 
payoff must be the risk-free rate. 


Figure 11: Payoff to the Box Spread 


$ or % 


bull call spread 


bear put spread 


XL Xu St 


COMBINATION STRATEGIES 


AIM 31.4: Describe and explain the use and payoff functions of combination 
strategies, including straddles, strangles, strips, or straps. 


AIM 31.5: Compute the pay-offs of combination strategies. 


Combinations are option strategies involving both puts and calls. We will discuss straddles, 
strangles, strips, and straps. 


Straddle 


A long straddle (bottom straddle or straddle purchase) is created by purchasing a call and 

a put with the same strike price and expiration. Figure 12 illustrates the payoff for a long 
straddle position. Both options have the same exercise price and expiration. Note that this 
strategy is profitable when the stock price moves strongly in either direction. This strategy 
bets on volatility. A short straddle (top straddle or straddle write) sells both options and bets 
on little movement in the stock. A short straddle bets on the same thing as the butterfly 
spread or the calendar spread, except the losses are not limited. It is a bet that will profit 
more if correct but also lose more if it is incorrect. Straddles are symmetric around the strike 
price. 
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Figure 12: Long Straddle Profit/Loss 
Profit 


Strangle 


A strangle (or bottom vertical combination) is similar to a straddle except that the options 
purchased are slightly out-of-the-money, so it is cheaper to implement than the straddle. 
The payoff is similar to the straddle except for a flat section between the strike prices, as 
shown in Figure 13. Because it is cheaper, the stock will have to move more relative to the 
straddle before the strangle pays off. Strangles are also symmetric around the strikes. 


Figure 13: Long Strangle Profit/Loss 
Profit 


Page 118 


«— Strangle 


Stock Price 
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A short strangle (or a top vertical combination) is similar to the short straddle. 


Strips and Straps 


A strip involves purchasing two puts and one call with the same strike price and expiration. 


Figure 14 illustrates a strip. Notice the asymmetry of the payoff. A strip is betting on 
volatility but is more bearish since it pays off more on the downside. 


Figure 14: Strip Profit/Loss 
Profit/Loss 


0 Stock Price 


A strap involves purchasing two calls and one put with the same strike price and expiration. 


A strap is betting on volatility but is more bullish since it pays off more on the upside. 
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Collar 


A collar is the combination of a protective put and covered call. The usual goal is for the 
owner of the underlying asset to buy a protective put and then sella call to pay for the put. 
If the premiums of the two are equal, it is called a zero-cost collar. 


Figure 15: Collar 
unhedged asset 


Profit 


collar 


gone enn e eee e eee e ene MM long put 


short call 
Sr 


put strike call strike 
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Key CONCEPTS 


1. 


10. 


11. 


Stock options can be combined with their underlying stock to generate various payoff 
profiles. A protective put combines an at-the-money long put position with the 
underlying stock. A covered call involves selling a call option on a stock that is owned 
by the option writer. 


Spread strategies combine options in the same option class to generate various payoff 
profiles. Spread strategies include bull, bear, butterfly, and calendar spreads. 


Combination strategies combine puts and calls to generate various payoff strategies. 
The most common combination strategies include straddles, strangles, strips, and 
straps. 


The buyer of a bull call spread expects the stock price to rise and the purchased call to 
finish in-the-money. However, the buyer does not believe that the price of the stock 
will rise above the exercise price for the out-of-the-money written call. 


The bear call spread trader will purchase the call with the higher exercise price and sell 
the call with the lower exercise price. This strategy is designed to profit from falling 
stock prices (i.e., a “bear” strategy). As stock prices fall, the investor keeps the premium 
from the written call, net of the long call’s cost. 


The buyer of a butterfly spread is essentially betting that the stock price will stay near 
the strike price of the written calls. However, the loss that the butterfly spread buyer 
sustains if the stock price strays from this level is not large. 


A box spread is an extreme method of locking in value. The dollar return for a box 
spread is fixed. It is a combination of a bull call spread and a bear put spread. 


A long straddle (bottom straddle or straddle purchase) is created by purchasing a call 
and a put with the same strike price and expiration. Note that this strategy only pays 
off when the stock moves in either direction. 


A strangle (or bottom vertical combination) is similar to a straddle except that the 
option purchased is slightly out-of-the-money, so it is cheaper to implement than the 


straddle. 


A strip is betting on volatility but is more bearish since it pays off more on the down 
side. 


A strap is betting on volatility but is more bullish since it pays off more on the up side. 
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I. 


An investor is very confident that a stock will change significantly over the next few 
months; however, the direction of the price change is unknown. Which strategies 
will most likely produce a profit if the stock price moves as expected? 


I. Short butterfly spread. 
Il. Bearish calendar spread. 


A. Ionly. 

B. II only. 

C. Both J and II. 
D. Neither I nor II. 


Which of the following will create a bear spread? 

A. Buy a call with a strike price of X = 45 and sell a call with a strike price of 

B. a Jail with a strike price of X = 50 and buy a put with a strike price of 

C. cae with a strike price of X = 45 and sell a put with a strike price of 

D. Buy aca with a strike price of X = 50 and sell a call with a strike price of 
X= 45. 


An investor believes that a stock will either increase or decrease greatly in value 
over the next few months, but believes a down move is more likely. Which of the 
following strategies will be the best for this investor? 

A. A protective put. 

B. An at-the-money strip. 

C. An at-the-money strap. 

D. A top vertical combination. 


An investor constructs a long straddle by buying an April $30 call for $4 and buying 
an April $30 put for $3. If the price of the underlying shares is $27 at expiration, 
what is the profit on the position? 


A. —$4. 
B. —$2. 
C. $2. 
D. $3. 


Consider an option strategy where an investor buys one call option with an exercise 
price of $55 for $7, sells two call options with an exercise price of $60 for $4, and 
buys one call option with an exercise price of $65 for $2. If the stock price declines 
to $25, what will be the profit or loss on the strategy? 


A. —$3. 
B. -$1. 
C. $1. 
D. $2. 
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A short butterfly spread will produce a modest profit if there is a large amount of volatility 
in the price of the stock. A bearish calendar spread is a play using options with different 
expiration dates. 


Spread strategies involve purchasing and selling an option of the same type. A bear spread 
with calls involves buying a call with a high strike price and selling a call with a low strike 
price. The investor profits if stock prices fall by keeping the premium from the written call, 
net of the premium from the purchased call. Note that a bear spread can also be constructed 
with put options by buying a put with a high strike price and selling a put with a low strike 
price. With a bear put spread, if the stock price declines and both puts are exercised, the 
investor receives the difference between the strike prices less the net premium paid. 


An at-the-money strip bets on volatility but is more bearish since it pays off more on the 
downside. 


The sum of the premiums paid for the position is $7. With the underlying stock at $27, the 
put will be worth $3, while the call option will be worthless. The value of the position is 
(-$7 + $3) =-$4. 


The strategy described is a butterfly spread where the investor buys a call with a low exercise 
price, buys another call with a high exercise price, and sell two calls with a price in between. 
In this case, if the option moves to $25, none of the call options will be in the money, so the 


profit is equal to the net premium paid, which is —$7 + (2 x $4) - $2 = -$1. 


©2012 Kaplan, Inc. 


Page 123 


Page 124 


INTEREST RATE CAPS AND FLOORS 


Exam Focus 


This optional reading addresses interest rate caps and floors, which were not covered in prior 
readings. Make sure you can calculate the payoff to a cap and a floor and explain how caps 
and floors are equivalent to packages of other securities. 


An interest rate cap is an agreement in which one party agrees to pay the other at regular 
intervals over a certain period of time when the benchmark interest rate (e.g., LIBOR) 
exceeds the strike rate specified in the contract. This strike rate is called the cap rate. For 
example, the seller of a cap might agree to pay the buyer at the end of any quarter over the 
next two years if LIBOR is greater than a cap rate of 6%. 


The buyer of a cap has a position similar to that of a buyer of a call on LIBOR, both 

of whom benefit when interest rates rise. Because an interest rate cap is a multi-period 
agreement, a cap is actually a portfolio of call options on LIBOR called caplets. For 
example, the 2-year cap discussed above is actually a portfolio of eight interest rate options 
with different maturity dates. 


The cap buyer pays a premium to the seller and exercises the cap if the market rate of 
interest rises above the cap strike. The diagram in Figure 1 illustrates the profits of an 
interest rate cap at the end of one particular settlement period. It has the familiar shape of a 
long position in a call option. 


Figure 1: Profit to a Long Cap 


Profit to the 
Cap Buyer 


Market 


Interest Rate 


per period premium 
(amortized cost) 


cap strike 


An interest rate floor is an agreement in which one party agrees to pay the other at regular 
intervals over a certain time period when the benchmark interest rate (e.g., LIBOR) falls 
below the strike rate specified in the contract. This strike rate is called the floor rate. For 
example, the seller of a floor might agree to pay the buyer at the end of any quarter over the 
next two years if LIBOR is less than a floor rate of 4%. 
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The buyer of a floor benefits from an interest rate decrease and, therefore, has a position 
that is similar to that of a buyer of a put on LIBOR, who benefits when interest rates 
fall and the price of the instrument rises. Once again, because a floor is a multi-period 
agreement, a floor is actually a portfolio of put options on LIBOR called floorlets. 


The floor buyer pays a premium and exercises the floor if the market rate of interest falls 
below the floor strike. The diagram in Figure 2 illustrates the profits of an interest rate floor 
at the end of one particular settlement period. It has the same shape as a long put option. 


Figure 2: Profit to a Long Floor 
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Options are traded both on interest rates and on prices of fixed-income securities. So far 
we've talked about options on interest rates. The values of comparable options on rates and 
prices respond differently to changes in interest rates because of the inverse relationship 
between bond yields and bond prices. Figure 3 outlines how each type of option responds 
to changes in yields and bond prices. 


Figure 3: Options on Rate vs. Options on Prices 


Option Of Rates Increase and If Rates Decrease and 
Bond Prices Decrease Bond Prices Increase 

Value of call on LIBOR Increases Decreases 

Value of call on bond price Decreases Increases 

Value of put on LIBOR Decreases Increases 

Value of put on bond price Increases Decreases 


We can also interpret caps and floors in terms of options on the prices of fixed-income 
securities: 


e Along cap is equivalent to a portfolio of long put options on fixed-income security 
prices. 

e A long floor is equivalent to a portfolio of long call options on fixed-income security 
prices. 
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A floating-rate borrower can use a cap to limit interest expense during the life of the cap. 
The payoff to the cap buyer is: 


periodic payment = max|0, (notional principal) x (index rate — cap strike) x 


actual 2] 
360 


A floating-rate investor can use a floor to limit reductions in interest income during the life 
of the floor. The payment to the floor buyer is: 


periodic payment = max|0, (notional principal) x (floor strike — index rate) x 


actual oa 
360 
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{0 077 - “0. 08)] 
4. 


. Fx ixample: Calculating the payoff for an interest rate floor 


Let S change ‘he cap- toa ‘a floor, keeping the other formation the s same. Calculate the 
_ payoff for a floor with a floor rate of 8%. Ter 


Answer: 
quarter 1 pna i $100, 000, 00» 2 Sa LRT aj- $75, 000 
i quarter 2 payoff = onl $100, 000,000 x (soo 08 -0.08 |- $0 
> 3 TE marlo, $100,000, ne gba ams) = $0. 
quarter 4 p= marlo, $100;000;000x {228 0088 o8- : e] $0 


“Asa technical. note, caps sand floors are fully paid in arrears, meaning that, for example, 
the $75,000 payoff to the floor for the first quarter will be made three months later, at 
the end of the second quarter. . 
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An interest rate collar is a simultaneous position in a floor and a cap on the same 


benchmark rate over the same period with the same settlement dates. There are two types of 
collars: 


The first type of collar is to purchase a cap and sell a floor. For example, an investor with 
a LIBOR-based liability could purchase a cap on LIBOR at 8% and simultaneously sell 
a floor on LIBOR at 4% over the next year. The investor has now hedged the liability 

so that the borrowing costs will stay within the “collar” of 4% to 8%. If the cap and 
floor rates are set so that the premium paid from buying the cap is exactly offset by the 
premium received from selling the floor, the collar is called a “zero-cost” collar. 

The second type of collar is to purchase a floor and sell a cap. For example, an investor 
with a LIBOR-based asset could purchase a floor on LIBOR at 3% and simultaneously 
sell a cap at 7% over the next year. The investor has now hedged the asset so the returns 
will stay within the collar of 3% to 7%. The investor can create a zero-cost collar by 


choosing the cap and floor rates so that the premium paid on the floor offsets the 
premium received on the cap. 
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The following is a review of the Financial Markets and Products principles designed to address the AIM 
statements set forth by GARP®. This topic is also covered in: 


FUNDAMENTALS OF COMMODITY SPOT 
AND FUTURES MARKETS: INSTRUMENTS, 
EXCHANGES AND STRATEGIES 


Topic 32 
Exam Focus 


This topic is an introduction to commodities markets and will help you understand 
commodity pricing, which is outlined in the next topic. Here we will discuss the major 
players in the commodity futures market and the risks involved with trading in this 
market. For the exam, understand the concept of basis risk and know how to calculate the 
effectiveness of a futures hedge. Also, be familiar with the major risks involved with trading 
in the commodity spot and futures markets. 


The use of futures and forwards to hedge commodity and financial product price risk 

has become a key component of modern risk management. It is interesting to note that 
forwards and futures are deeply rooted in U.S. history. In the early years of the United 
States, rivers were the primary means of transportation. With this in mind, the major trade 
cities grew up along waterways. Among these cities prominent in commodities and trade 
were Chicago, New Orleans, Kansas City, and New York. 


The major industry in the United States at that time was agriculture. Without any 
“forward” means of establishing prices, the price structure was very cyclical in nature. 
Production was high during harvest time and prices, due to the high supply of harvest, 
were correspondingly low. As the months progressed and time grew further away from 
harvest, supplies started to diminish and prices started to rise. As a result, prices were low 
at harvest time and high in the months thereafter. This method of commodity pricing was 
not very functional, as neither the farmer, nor the processor, could reasonably establish their 
prices, as they were constantly on opposite sides of the pricing structure. In addition to the 
commodity prices being dependent on the time of the year, the prices were also dependent 
on outside influences, such as weather and politics. Clearly, something had to be done to 
somehow stabilize these highly seasonal, cyclical pricing features of commodities. 


In the early part of the 19th century, in an attempt to alleviate pricing risks, “cash forward” 
contracts were conceived in order to provide some price stability to the commodity 
marketplace. In a privately negotiated transaction, the farmer and the user would reach an 
agreement for the user to purchase all, or part, of the farmer's crop at a pre-arranged price 
when harvested. These cash forward contracts provided a means in which the producer 
(farmer) was able to sell his product (crop) for a specified price for delivery at a later time. 
The time periods involved were usually fairly short. This “pre-determination” of price 
allowed the buyer and seller to negotiate based on the fact that they would finally have some 
knowledge of the price they would pay or receive, as well as the timetable involved. 
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In 1922, Congress enacted the Grain Futures Act, which was initially set up to regulate 
futures exchanges. This regulatory action was followed up by the Commodity Futures 
Trading Act of 1974 which established the Commodity Futures Trading Commission 
(CFTC) as the responsible entity for the regulation of futures exchanges. 


Among its many duties, the CFTC is the body that approves futures trading at the 
exchange level and at the contract level. Any new exchange that wishes to be created must 
have approval from the CFTC. The introduction of new contracts or changes to existing 
contracts must also go through CFTC approval before being effectuated. The primary 
role of the CFTC is to assure that fair and orderly futures transactions occur in the public 
interest. Also, futures trading must have a justifiably useful economic purpose as opposed 
to being a form of legal gambling. In sum, the purpose of the CFTC is to maintain the 
effectiveness and integrity of futures trading. 


DIFFERENCES BETWEEN SPOT, FORWARD, AND FUTURES 


AIM 32.4: Explain the major differences between spot, forward, and futures 
transactions, markets, and contracts. 


The most basic type of futures or forward contract obligates one counterparty to buy and 
the other counterparty to sell a given asset at a given price. Comparing forward and futures 
contracts to spot contracts is a useful first step in understanding these derivatives. 


Spot contracts are used when a seller of an asset agrees to deliver the asset immediately, and 
the buyer agrees to purchase the asset immediately. Therefore, a spot price is the price of an 
asset for immediate delivery. 


Forward contracts are contracts in which the buyer and seller agree on a price and quantity 

today, but delivery does not occur until some pre-specified date in the future. A forward 

contract is non-standardized (i.e., trades OTC) in that the contract terms and provisions 

are defined only by the parties to the contract, with no third-party intervention. The person 

selling forward is obligated to make delivery; the person buying forward is obligated to take 
_ delivery. There is a risk that either party may ultimately break the commitment. 


Futures contracts are essentially forward contracts that are arranged by an organized 
exchange. Futures contracts usually require a margin deposit. This position is marked to 
market daily. 


Futures contracts are standardized according to the guidelines of the exchange. Forwards 
are bilateral contracts subject to counterparty default risk, while counterparty default risk 
on futures contracts is essentially eliminated because the futures exchange clearinghouse 
guarantees the transaction. 
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AIM 32.7: Describe the structure of the futures market. 


Clearinghouses enable futures positions to be offset easily prior to delivery. To offset, close, 
or liquidate a futures position before delivery, an investor must complete a transaction 
opposite to the trade that initiated (i.e., opened) the futures position. The offsetting 
transaction must occur in the same commodity, for the same delivery month, and on the 
same exchange. About 98% of futures contracts are offset before delivery. 


The connection among key players in futures markets is shown in Figure 1: 


Figure 1: Futures Market Structure 
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Exchange 


Clearinghouse 


Non- 
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The key role of a futures exchange is to provide a location for price discovery. Only 
exchange members may execute trades on commodity exchange trading floors. Floor 
brokers have relationships with commodity brokerage firms [also known as futures 
commission merchants (FCMs)] and fill orders for the FCM’s customers. Floor traders (also 
known as locals) trade on the floor for their own accounts. 


Brit oF LADING 


AIM 32.1: Define “bill of lading.” 


Regarding the physical exchange of goods, the bill of lading (BOL) is a document that 
specifies the commodity owner and acknowledges that goods have been received as cargo 
and are ready for transportation. This document also includes items such as ports of 
departure, package weights, and dates of shipment. 
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COMMODITY SPor MARKETS 


AIM 32.2: Define the major risks involved with commodity spot transactions. 


AIM 32.3: Differentiate between ordinary and extraordinary transportation risks. 


The major risks involved with commodity spot transactions are as follows: 


Price risk: Owner of actuals (i.e., the underlying commodity) bears the risk of the 
commodity falling in value. This risk may be largely reduced by trading in forwards or 
futures contracts. 


Transportation risk: This risk is divided into two areas: ordinary (i.e., deterioration, 
spoilage, accident) and extraordinary (i.e., acts of God, wars, riots, strikes). For example, 
transportation risk could result from ships lost at sea or train cars overturned. 


In either the case of ordinary or extraordinary, the free-on-board (FOB) buyer is responsible 
for transportation risk. Given this risk, it would be wise to purchase insurance. If a trade 
settles for future delivery with the cost of insurance and freight (CIF) prices factored in, 

a seller could hedge the position against a decline in price by selling futures but also enter 
into a Forward Freight Agreement to hedge the associated transportation costs. 


Delivery risk: Parties may renege on delivery. This risk in modern times has been greatly 
diminished due to clearinghouses and robust contracts. 


Credit risk: An unreliable counterparty makes this an issue primarily for the spot market. 
Margin requirements are in place for all exchange-traded futures contracts. These 
requirements are mainly put in place to address liquidity concerns. If liquidity decreases, the 


margin requirements placed by lenders may increase. If a trader cannot fund his position, he 
may be forced at an inopportune time to unwind the position. 


FUTURES MARKET PARTICIPANTS 


AIM 32.5: Describe the basic characteristics and differences between hedgers, 
speculators, and arbitrageurs. 


Hedgers 


Futures markets were established essentially by farmers and ranchers who wanted to lock-in 
a fixed price in advance for their crops or livestock. In some ways not much has changed, 
as they still do this today. In addition, users of commodities such as airlines also hedge in a 
similar fashion. 
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For example, suppose that Sky High Airlines knows in June that it will have to buy 10 
million tons of jet fuel in November. The airline will buy futures to hedge the possibility of 
a price increase between June and November. With futures, the hedger effectively locks-in 
the price to be paid in advance. 


A hedged position is noticeably less risky than an unhedged position. In an unhedged 
position, an investor can lose the full value of the commodity if its price decreases to zero. If 
the position is hedged, the investor has acquired a degree of protection against any adverse 
movements. 


Speculators 


Speculators accept the price risk that hedgers are unwilling to bear. For a commodity 
producer/acquirer to hedge its commodity price risk by buying or selling futures, there must 
be someone on the other end of the trade willing to buy futures and accept the price risk. 


For example, an investor with risk capital may decide to take a position in a futures contract 
on oil and by doing so creates exposure to oil prices. He is betting that oil prices will move 
in his favor. If they work against him, the investor could lose all that he invested plus more. 
The other side of the contract, the hedge for example, would be the winner in this case. 
The futures hedger transfers commodity price risk to the futures speculator. The speculator 
accepts the risk of changing prices, whereas the hedger assumes only the risk of a change in 
basis (as we will discuss in AIM 32.8). 


Arbitrageurs 


Arbitrageurs are interested in market inefficiencies which allow them to obtain a riskless 
profit. For example, when the cash and futures price difference exceeds carrying charges, 
arbitrage opportunities exist. By buying the nearby contract and simultaneously selling 

a distant contract at a price that exceeds the carrying charges, the arbitrageur profits as 
prices return to their normal relationship. Arbitrage is the opportunity to profit from such 
temporary abnormal price differences and, when used correctly, is riskless. 


ARBITRAGE PORTFOLIO 


AIM 32.6: Describe an “arbitrage portfolio” and explain the conditions for a 
market to be arbitrage free. 


Arbitrage is an important concept in valuing (pricing) derivative securities. In its purest 
sense, arbitrage is riskless. If a return greater than the risk-free rate can be earned by holding 
a portfolio of assets that produces a certain (riskless) return, then an arbitrage opportunity 
exists. 


Arbitrage opportunities arise when assets are mispriced. Trading by arbitrageurs will 


continue until they affect supply and demand enough to bring asset prices to efficient 
(no-arbitrage) levels. Once efficient levels are reached, the market is said to be arbitrage free. 
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There are two arbitrage arguments that are particularly useful in the study and use of 
derivatives. 


The first is based on the law of one price. Two securities or portfolios that have identical cash 
flows in the future, regardless of future events, should have the same price. If A and B have 
the identical future payoffs, and A is priced lower than B, buy A and sell B. You will have an 
immediate profit, and the payoff on A will satisfy the (future) liability of being short on B. 


The second type of arbitrage is used when two securities with uncertain returns can be 
combined in a portfolio that will have a certain payoff. If a portfolio consisting of A and 
B has a certain payoff, the portfolio should yield the risk-free rate. If this no-arbitrage 
condition is violated in that the certain return of A and B together is higher than the risk- 
free rate, an arbitrage opportunity exists. An arbitrageur could borrow at the risk-free rate, 
buy the A + B portfolio, and earn arbitrage profits when the certain payoff occurs. The 
payoff will be more than is required to pay back the loan at the risk-free rate. 


Basis Risk 


AIM 32.8: Define basis risk and the variance of the basis. 


Basis is the difference between the cash or spot price of a commodity and the price of a 
futures contract on the same commodity at any given time, ¢. Although basis compares two 
prices that usually move in the same direction, these two prices do not often move by the 
same amount. The spot price can change over time, but F} is constant. Thus, at some time, 
zt, the basis is S,— Fo. 


Changes in the basis are caused by changes in the cost of carry of the asset. Savvy investors 


analyze their risk not only at time T, but also at time ¢. Basis risk is the volatility of the 
basis over time and as a result is usually represented as the variance of the basis: 


2 ey 2 
OSEO = ISl FOR T 2% 5(4) 7H PS, F 


This variance equation demonstrates that basis risk will be zero in the event that: (1) spot 
and futures variance are the same and (2) correlation between spot and futures is one. 


AIM 32.9: Identify a commonly used measure for the effectiveness of hedging a 
spot position with a futures contract; use this measure to compute and compare the 
effectiveness of alternative hedges. 


Hedgers try to reduce price risk to as close to zero as possible. The measure of the 
effectiveness of hedging the actuals with futures is defined by: 


2 
o 
hedge effectiveness = 1 — SOE) 


2 
OS{t) 
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When the variance of the basis divided by the variance of the spot is close to zero, the hedge 
effectiveness measure will be close to one. High hedge effectiveness measures are indicative 


of effective hedges. 


EXCHANGE FOR PHYSICALS vs. ALTERNATIVE DELIVERY PROCEDURE 


AIM 32.10: Define and differentiate between an exchange for physicals and an 
alternative delivery procedure. 


An exchange for physicals (EFP) can end a contract. Here, a counterparty finds a willing 
trader with an opposite position and delivers the goods in a transaction that takes place 
off the floor of the exchange. The two parties can negotiate the terms of the transaction. 
An EFP is an ex-pit transaction and is the one exception to the Federal law that requires 
that all trades take place on the floor of the exchange. The parties must then inform the 
clearinghouse as to what transpired. 


An alternative delivery procedure deals with the buyer and seller coming up with new 
terms for the contract after they have been matched by the exchange. The parties in the 
transaction must submit a notice of intent to their respective exchange detailing the 
changing terms. 


Marker DEPTH 


AIM 32.11: Describe volume and open interest and their relationship to liquidity 
and market depth. 


Liquidity can be defined as low when it is difficult to raise money by selling an asset; when 
selling depresses the sale price. Keep in mind that speculators smooth price fluctuations and 
provide market liquidity. Speculators also finance their trades by borrowing from banks that 
set margin requirements. Since banks can reset margin, speculators face funding liquidity 
risk due to the risk of higher margins and/or losses on their existing positions. 


Market depth may be discovered by measuring how many units traders can sell or buy 
at the current bid or ask price without moving the price. Typically, the highest levels of 
liquidity are found in the short-term. For example, Figure 2 shows an example of the 
average daily trading volume for crude oil futures contracts. 
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Figure 2: Futures Liquidity Over Time 
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The number of contracts that are exchanged each day is represented in the volume of each 
futures product. Typically, oil futures contracts [crude oil West Texas Intermediate (WTT)] 
are the most heavily traded contracts. Other heavily traded futures contracts include corn, 
soybeans, coffee, gas, aluminum, cooper, gold, and silver. 


At any moment in time, the number of futures contracts outstanding is referred to as the 
open interest. The exchange publishes all open interest figures for the previous trading day. 
By examining open interest deviations, technical analysts are able to spot trends regarding 
the motivation of buyers and sellers to hold on to or to offset a particular commodity 
futures contract. 
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Key CONCEPTS 


Spot contracts are used when a seller of an asset agrees to deliver the asset immediately 
and the buyer agrees to purchase the asset immediately. 


Forward contracts are contracts in which the buyer and seller agree on a price and 
quantity today, but delivery does not occur until some pre-specified date in the future. 


Futures contracts are essentially forward contracts that are arranged by an organized 
exchange. 


The bill of lading is a document that specifies the commodity owner and acknowledges 
that goods have been received. 


The major risks involved with commodity spot transactions are price risk, 
transportation risk, delivery risk, and credit risk. 


Basis risk refers to the risk that remains after a futures hedge has been implemented. 


Hedgers use futures or forwards to lock-in a set price in advance. Speculators are on 
the other side of the transaction and accept the price risk that hedgers are unwilling to 
bear. Arbitrageurs are interested in market inefficiencies which allow them to obtain a 


riskless profit. 


Riskless arbitrage involves earning more than the risk-free rate with no risk or earning 
an immediate gain with no future liability. 


Basis is the difference between the spot price of a commodity and the price of a futures 
contract on the same commodity. Basis risk is the volatility of the basis over time. 


Hedge effectiveness can be measured with the following equation: 


2 
o 
hedge effectiveness = 1 — cote 


2 
°S(t) 
The closer this measure is to one, the more effective the hedge. 


In an exchange for physicals, a counterparty finds a willing trader with an opposite 
position and delivers the goods in a transaction that takes place off the floor of the 
exchange. An alternative delivery procedure deals with the buyer and seller coming up 
with new terms for the contract. 


Market depth can be found by measuring how many units traders can sell or buy at the 
current bid or ask price without moving the price. 
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CONCEPT CHECKERS 


1. Which of the following statements regarding spot commodity contracts is(are) true? 


I. Spot contracts are not traded on commodity futures exchanges. 
II. Storage and insurance costs are important considerations in owning the actuals. 


A. I only. 

B. II only. 

C. BothI and II. 
D. Neither I nor II. 


2; Each of the following are major risks involved with commodity spot transactions 
except: 
A. price risk. 
B. transportation risk. 
C. delivery risk. 
D 


. ex-pit risk. 


3. Assume the holder of a long futures position negotiates off the floor of the exchange 
with the holder of a short futures position to accept delivery to close out both the 
long and short positions. Which of the following statements about the transaction is 
true? The transaction is: 


A. known as delivery. 
B. known as cash settlement. 
C. known as an exchange for physicals. 
D. nota legal transaction. U.S. Federal law requires that all transactions take place 
on the floor of the exchange. 
4, A farmer hedges the price risk of his crop with a grain futures contract. The variance 


of the commodity futures price is 6% while the variance of the spot price on the 
same commodity is 7%. The variance of the difference between the spot price and 
the futures price is 1%. The hedge effectiveness measure from using this commodity 
futures contract is closest to: 


A. 0.86. 
B. 0.83. 
C. 0.14. 
D. 0.99. 


5. Arbitrage prevents: 
A. risk management. 
B. market efficiency. 
C. profit higher than the risk-free rate of return. 
D. two assets with identical payoffs from selling at different prices. 
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CONCEPT CHECKER ANSWERS 


Futures contract trading only takes place on futures exchanges. The cost of insurance and 
storage are always important considerations. 


Price risk, transportation risk, and delivery risk are forms of risk faced by spot contract 


holders. 


When the holder of a long position negotiates directly with the holder of the short position 
to accept delivery of the underlying commodity to close out both positions, the transaction is 
called an exchange for physicals. An EFP is a private transaction that occurs ex-pit and is the 
one exception to the Federal law that all trades take place on the exchange floor. Note that 
the exchange for physicals differs from an offsetting trade in which no delivery takes place, 
and it also differs from delivery in which the commodity is simply delivered as a result of 

the futures expiration with no secondary agreement. Most futures positions are settled by an 
offsetting trade. 


Hedge effectiveness is calculated as: 


1 — [(variance of basis) / (variance of spot)] = 1 — (0.01/0.07) = 0.857 


Since this measure is close to one, it appears to be effective. However, this measure is more 
useful as a relative measure by comparing the effectiveness of different potential hedges. 


Arbitrage forces two assets with the same expected future value to sell for the same current 


price. If this were not the case, you could simultaneously buy the cheaper asset and sell the 
more expensive one for a guaranteed riskless profit. 
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The following is a review of the Financial Markets and Products principles designed to address the AIM 
statements set forth by GARP®. This topic is also covered in: 


COMMODITY FORWARDS AND FUTURES 


Topic 33 
Exam Focus 


This topic on commodity forwards and futures focuses on the pricing relationships that exist 
when commodities have characteristics such as lease rates, storage costs, and/or convenience 
yields. Before you begin this topic, recall the no-arbitrage pricing relationships for futures 
contracts that were discussed in Topic 27 (Determination of Forward and Futures Prices). 
You should understand the basic futures pricing equation and how it is adjusted for lease 
rates, storage costs, and/or convenience yields. 


Pricinc COMMODITY FORWARDS AND FUTURES 


AIM 33.1: Define forward strip and forward curve. 


AIM 33.2: Describe how to create a synthetic commodity position and use it to 
explain the relationship between the forward price and the expected future spot 
Price. 


AIM 33.4: Derive the basic equilibrium formula for pricing commodity forwards 
and futures. 


AIM 33.5: Explain the implication basic equilibrium has for different types of 
commodities. 


© Professor’s Note: AIM 33.5 is addressed throughout this topic. 


Commodity and financial forward contracts are similar in some regards. For example, 

the prices of both are logically based upon expected spot prices. Some financial forwards 
(e.g., S&P 500 Index) are based upon the expected future spot price minus dividends 
received during the holding period. The price of a commodity forward must also be based 
upon expectations, but there are several factors to consider. For example, based upon their 
physical qualities, some commodities are storable (e.g., metals) and the associated costs 
depend upon the physical characteristics of the commodity. Also, due to their physical 
nature, others are not storable (e.g., electricity, perishable foods). 


Some commodities are also appropriate for /easing. That is, an investor without a current 
need purchases the commodity and then lends it out to others who do have a current 
need. Just as with the loan of any asset the lender requires a return, so a lease rate (i.e., 
required return) is established. For example, assume an investor uses cash and purchases a 
commodity. If a viable lease market exists for the commodity, the investor might lend it to 
someone. Since the investor used cash to acquire the commodity, he must charge a lease 
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rate. Failing to do so would amount to an interest-free loan of the money tied up in the 
commodity. 


Since commodity forward prices are based upon expected spot prices and expected spot 
prices are, in turn, dependent upon expected supply and demand forces, forward prices for 
commodities need not be constant from period to period. There are factors such as weather 
that can affect expected supply. For example, severe weather might be expected to reduce 
future coffee supplies, so the forward coffee price might incorporate the expected shortage 
into an increased forward price. Demand for a commodity can also be subject to change. 
For example, demand for electricity is not constant during the day nor is it constant across 
different seasons of the year or in different locations across the country. Estimating the 
expected spot price for a commodity, therefore, must utilize forecasts of all relevant factors. 


For a given commodity on any trading day, several futures contracts will exist with varying 
maturity dates. The prices of the commodity futures contracts will differ with the different 
contract expiration dates. The set of futures prices for a given commodity is known as a 
forward curve or a forward strip on that particular day. 


Assume that we do not know the forward price of the commodity and wish to derive it. 
A synthetic commodity forward price can be derived by combining a long position on a 
commodity forward, F,r» and a long zero-coupon bond that pays Fy 7 at time T. 


The total cost at time 0 is equivalent to the cost of the bond, eTR T> where r represents 
the risk-free rate of return. The forward contract does not have any initial cash flows at time 
0. The payoff at time T will be the payoff from the forward contract (S+ — F.7) plus the 
payoff from the bond (For): 


Sr- For i For = Sy 


where: 
Sy = spot price of the commodity at time T 


The present value of the expected spot price at time T'is E(S.)e"°1, where œ represents 
the discount rate for the Sy cash flow at time T. This amount is equivalent to the cost of 
the bond, e'TF r> because both represent the amount you would pay today to receive the 
commodity at time T. This equality is expressed in the following equation: 


eTR T = E(S peo? 


This equation illustrates that when using a risk-free discount rate, the discounted 
commodity forward price at time TJ is equivalent to the present value of a unit of 
commodity received at time T. 


Multiplying each side of the equation by eT allows us to express the commodity forward 
price as follows: 


Bop = EG" 79T 
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Thus, the forward price today is a biased estimate of the expected commodity spot price at 
time T. The bias is a function of the risk premium on the commodity, r — a. This equation 
is used to calculate the net present value (NPV) of commodities with available forward 
prices. 


ELECTRICITY PRICES 


AIM 33.3: Explain the effect non-storability has on electricity prices. 


As previously mentioned, electricity is not a storable commodity. Once it is produced, it ` 
must be used or it will likely go to waste. In addition, demand for electricity is not constant 
and will vary with time of day, day of the week, and season. Given the non-storability 
characteristic of electricity, its price is set by demand and supply at a given point in time. 
Since arbitrage opportunities do not exist with electricity (i.e., the inability to buy electricity 
during one season and sell it during another season) futures prices on electricity will vary 
much more during the trading day than financial futures. 


COMMODITY ARBITRAGE 


AIM 33.6: Describe an arbitrage transaction in commodity forwards and futures, 
and compute the potential arbitrage profit. 


A cash-and-carry arbitrage consists of buying the commodity, storing/holding the 
commodity, and selling the commodity at the futures price when the contract expires. The 
steps in a cash-and-carry arbitrage are as follows. 


At the initiation of the contract: 


¢ Borrow money for the term of the contract at market interest rates. 
¢ Buy the underlying commodity at the spot price. 
e Sell a futures contract at the current futures price. 


At contract expiration: 


e Deliver the commodity and receive the futures contract price. 
e Repay the loan plus interest. 


If the futures contract is overpriced, this 5-step transaction will generate a riskless profit. 
The futures contract is overpriced if the actual market price is greater than the no-arbitrage 
price. 
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| Example: Futures cash-and-carry arbitrage 


; Assume the spot price of gold is $900/0%., that the 
‘that an investor can borrow or lend fands at 7%. Igi 
' Calculate the arbitrage poke. g 


i e a E 
f 
1 


Ane 
: The R price, according to, the no-arb 


For = $9007 = $965 


“Instead, it’s trading 4 at $97 
: conduct cash and carry arbitrage b 
: spot market, and borrowing money. 
` the purchase of aa we must Fepay 


ae 
Spot price of gold 


_ Futures price of gold 
Transaction 


. ‘Short futures 


Buy gold i in spot market 
Borrow at 7% ; a -4$ 
Toul cash flow 


The riskless profit’ is equal t to thed 
the loan payoff, or $975 = $965 $i 


If the futures price is too low (which presents a profitable arbitrage opportunity), the 
opposite of each step should be executed to earn a riskless profit. 


This is reverse cash-and-carry arbitrage. The steps in reverse cash-and-carry arbitrage are as 
follows. 
At the initiation of the contract: 


e Sell commodity short. 
e Lend short sale proceeds at market interest rates. 
e Buy futures contract at market price. 
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At contract expiration: 


e Collect loan proceeds. 
¢ Take delivery of the commodity for the futures price and cover the short sale 
commitment. l 


Professor’s Note: It may help to remember “buy low, sell high.” If the futures price is 
‘too high,” sell the future and buy the spot. If the futures price is ‘too low,” buy the 
future and sell the spot. 
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Lease RATES 


AIM 33.7: Define the lease rate and how it determines the no-arbitrage values for 
commodity forwards and futures, and explain the relationship between lease rates 
and contango and lease rates and backwardation. 


A lease rate is the amount of interest a lender of a commodity requires. The lease rate is 
defined as the amount of return the investor requires to buy and then lend a commodity. 
From the borrower's perspective, the lease rate represents the cost of borrowing the 
commodity. The lease rate and risk-free rate are important inputs to determine the 
commodity forward price. The lease rate in the pricing of a commodity forward is very 
similar to the dividend payment in a financial forward. 


A no-arbitrage price can be established if there is an active lending market for a commodity. 
A commodity lender can earn a return, the lease rate, by buying a commodity and 
immediately selling it forward. The amount a commodity borrower is willing to pay must 
equal the amount the lender requires in return for lending out the commodity for time T. 
This interest or lease amount is an important factor in establishing the forward price for the 
commodity. 


The commodity forward price for time T with an active lease market is expressed as: 


For = Soet °F 
where: 
Sy = commodity current spot rate 


r-6 = risk-free rate less the lease rate 


The lease rate, ô}, is income earned only if the commodity is loaned out. 


Example: Pricing a commodiy forward with a ne papani 


Calculate the jnn T rate fora Baal r corn that bias a spot rate: Oe $5 a an 
annual lease rate of 7%. The appropriate continuously compounding annual risk-free rate _ 
for the commodity is equivalent to 9%. 


jame. 


STEE AEEA E BADE VEAN E -a Pe MLO AVAN A P ADEA OER AE NET CHET On a D Sete RON, 


ONO NRL OTT RE NY POE Rl OE AILS eA 


T= Gpet™ pe =6;) JF- nege 26): 07)* ca =s TO sanasa asrau nemonan r eni ie aee a se amens cinn pi 


To aker illustrate that this, relationship n must hold, consider mi e following no- o-arbitrage 
l example, 
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CONTANGO AND BACKWARDATION 


An upward-sloping forward curve indicates that forward prices more distant in time are 
higher than current forward prices. The market is described as being in contango with an 
upward-sloping forward curve. A contango commodity market occurs when the lease rate is 


less than the risk-free rate. Based on the commodity forward formula, Fy = Soe 7 SDT, 


if r > ô}, the forward rate must be greater than the spot rate. 


The market is described as being in backwardation with a downward-sloping forward curve. 
A backwardation commodity market occurs when the lease rate is greater than the risk-free 


rate. Based on the commodity forward formula, Fy = Spt ee 


rate must be less than the spot rate. 


, ifr < ô, the forward 
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STORAGE Costs 


AIM 33.8: Define carry markets and explain the impact storage costs and 
convenience yields have on commodity forward prices and no-arbitrage bounds. 


AIM 33.9: Compute the forward price of a commodity with storage costs. 


When holding a commodity requires storage costs, the forward price must be greater than the 
spot price to compensate for the physical storage costs (i.e., costs associated with constructing 
and maintaining a storage facility) and financial storage costs (i.e., interest). The owner of a 
commodity can either sell it today for a price of S, or for delivery at time T at the forward 
price. If the owner sells it at a forward price, this is known as cash-and-carry (as we saw in 
AIM 33.6) because the seller receives the cash but must store (i.e., carry) the commodity 
until the delivery date. The market in which a commodity is stored is referred to as a carry 
market. The owner will only store the commodity if the forward price is greater than or 
equal to the expected spot price plus storage costs. This is represented mathematically as: 


For > Soe? + AO,T) 
where: 
A(0,T) = FV of storage costs for one unit of the commodity from time 0 to T 


If storage costs are paid continuously and are proportional to the value of the commodity, the no- 
arbitrage forward price becomes: 


Fy p= Set YT 


where: 
A = continuous annual storage cost proportional to the value of the commodity 
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Professors Note: Notice the approximation used in the previous example: 


For” Soe’? ~ Sox (1 + 1)", Using either approach will produce similar 
results. 


CONVENIENCE YIELD 


If the owners of the commodity need the commodity for their business, holding physical 
inventory of the commodity creates value. For example, assume a manufacturer requires a 
specific commodity as a raw material. To reduce the risk of running out of inventory and 
slowing down production, excess inventory is held by the manufacturer. This reduces the 
risk of idle machines and workers. In the event that the excess inventory is not needed, it 
can always be sold. Holding an excess amount of a comnmno rity for a non-monetary return is 
referred to as convenience yield. 


A convenience yield cannot be earned by the average investor who does not have a business 


reason for holding the commodity. The forward price including a convenience yield is 
calculated as follows: 


For > Soe +A- o)T 


where: 
c = continuously compounded convenience yield, proportional to the value of the 
commodity 


For the investor who does not earn the convenience yield, cash-and-carry arbitrage implies 
that: 


For < Soe" + A)T 
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COMPARING LEASE RATES, STORAGE Costs, AND CONVENIENCE YIELD 


AIM 33.10: Compare the lease rate with the convenience yield. 


Here is a handy guide for relating forward and spot commodity prices on the exam. Start 
with the basic expression relating forward and spot prices: 


Fy = Soe’! 


This expression says that if there are no costs or benefits associated with buying and holding 
the commodity, the forward price is just the spot price compounded at the risk-free rate 


over the holding period. 


If there are benefits (e.g., lease rates, convenience yield) to buying the commodity today, 
the holder is willing to accept a lower forward price. The forward price is reduced by the 
benefit, either the lease rate or convenience yield: 


For = Soe" 7T <Sge™ 

where c = the convenience yield, or 
For = Soet ~ ÒT < Sge! 

where ô = the lease rate 


If there are costs, such as storage costs, associated with purchasing the commodity today, the 
forward price is increased by the cost: 


E a 
where \ = the storage costs 


Of course, there can be combinations of costs and benefits, so be sure to increase the 
exponent for costs and reduce it for benefits: 


For = Soef +> —c)T 


In the equation above, the lease rate is equal to storage costs minus the convenience yield. 


CoMMODITY CHARACTERISTICS 


AIM 33.11: Discuss factors that impact gold, corn, natural gas, and crude oil 
futures prices. 


Certain commodities exhibit unique properties that impact their forward price. For 
example, gold, corn, natural gas, and oil are all commodities with characteristics that differ 
with respect to storage costs, the ability to store, production costs, and seasonal demand. 
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These differences are reflected in lease rates, storage costs, and convenience yields that 
influence the commodity forward prices and the shape of the forward curves. 


Gold Forward Price Factors 


Because gold can earn a return by being loaned out, strategies for holding synthetic gold 

offer a higher return than holding just the physical gold without lending it out. When a 

positive lease rate is present, the synthetic gold is preferred to physically holding the gold 
because the lease rate represents the cost of holding the gold without lending it. 


The value of gold is also influenced by the cost of production. The present value of gold 
received in the future is simply the present value of the forward price computed at the risk- 
free rate of return. The present value of gold production is calculated as follows: 


n 
ea — y(t. \| et Ott 
PV of gold production = ay [Fo x(t;)] e tj 
i=l 
where: 
n, = amount of ounces of gold we expect to extract, with an extraction cost of x(t,) 


Under this framework, the gold mine is assumed to operate the entire time, and production 
is known with certainty. 


Corn Forward Price Factors 


Corn is an example of a commodity with seasonal production and a constant demand. 
Corn is produced every fall, but it is consumed throughout the year. In order to meet 
consumption needs, corn must be stored. Thus, interest and storage costs need to be 
considered. The price of the corn will fall as it is being harvested and then rise to reflect the 
cost of storage over the next 12 months until it is harvested again. Thus, the forward curve 
is increasing until harvest time, and it drops sharply and slopes upward again after harvest 
time is over. 


Page 150 ©2012 Kaplan, Inc. 


Topic 33 
Cross Reference to GARP Assigned Reading - McDonald, Chapter 6 


Natural Gas Forward Price Factors 


Natural gas is an example of a commodity with constant production but seasonal demand. 
Natural gas is expensive to store, and demand in the United States peaks during high 
periods of use in the winter months. In addition, the price of natural gas is different for 
various regions due to high international transportation costs. Storage is at its peak in the 
fall just prior to the peak demand. Therefore, the forward curve rises steadily in the fall. 


Oil Forward Price Factors 


The physical characteristics of oil make it is easier to transport than natural gas. Therefore, 
the price of oil is comparable worldwide. In addition, demand is high in one hemisphere 
when it is low in the other. Lower transportation costs and more constant worldwide 
demand causes the long-run forward price to be more stable. In the short-run, supply 

and demand shocks cause more volatile prices because supply is fixed. For example, the 
Organization of Petroleum Exporting Countries (OPEC) may decrease supply to increase 
prices by causing a shortage in the short run. Supply and demand adjust to price changes in 
the long run. 


COMMODITY SPREAD 


AIM 33.12: Define and compute a commodity spread. 


A commodity spread results from a commodity that is an input in the production process 
of other commodities. For example, soybeans are used in the production of soybean meal 
and soybean oil. A trader creates a crush spread by holding a long (short) position in 
soybeans and a short (long) position in soybean meal and soybean oil. 


Similarly, oil can be refined to produce different types of petroleum products such as 
heating oil, kerosene, or gasoline. This process is known as “cracking,” and thus the 
difference in prices of crude oil, heating oil, and gasoline is known as a crack spread. For 
example, seven gallons of crude oil may be used to produce four gallons of gasoline and 
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three gallons of heating oil. Commodity traders refer to the crack spread as 7-4-3, reflecting 
the seven gallons of crude oil, four gallons of gasoline, and three gallons of heating oil. 
Thus, an oil refiner could lock in the price of the crude oil input and the finished good 
outputs by an appropriate crack spread reflecting the refining process. However, this is not 
a perfect hedge because there are other outputs that can be produced such as jet fuel and 
kerosene. 


Basis Risk 


AIM 33.13: Explain how basis risk can occur when hedging commodity price 


exposure. 


As you may recall, basis is the difference between the spot price (or rate) and the price (or 
rate) of the futures contract used to hedge. If the values of both move together perfectly, an 
investor long or short the asset can lock in a return or value by selling or buying futures, 
respectively, 


Professor’s Note: When you expect to receive the commodity in the future, we 
say you are long the commodity and you will hedge the value of the expected 
commodity by selling the corresponding futures contracts. If you will deliver the 
commodity in the future, you are short, and you will hedge by taking a long 
position in the corresponding futures contracts. 


Any time the values of the spot and futures contracts do not move together perfectly, the 
hedger faces basis risk. An example with financial futures is using a basket currency futures 
contract to hedge the value of a transaction in an emerging market. Since the hedged asset 
(i.e., the emerging market currency) and the underlying in the futures contract are not 
identical, there is risk associated with changes in their relative values. Also, if the financial 
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futures contract must be rolled over, or if it matures after the delivery date, this adds to the 
basis risk. 


Since there are storage and transportation costs associated with commodities, hedgers 

face more concerns. As with financial futures, every commodity futures contract specifies 

a delivery amount and a delivery date. In addition, however, every commodity futures 
contract specifies a delivery location and the deliverable grade (i.e., quality). For example, an 
investor planning to receive oil in New York City might use NYMEX futures, which specify 
delivery in Oklahoma. At the producer level, an Iowa corn farmer might use CBOT corn 
futures, which specify delivery in Chicago. 


Strip HEDGE vs. Stack HEDGE 


AIM 33.14: Evaluate the differences between a strip hedge and a stack hedge and 


analyze how these differences impact risk management. 


An oil producer may enter into a contract to supply a fixed amount of barrels of oil per 
month at a fixed price. The oil producer could set up a strip hedge by buying futures 
contracts that match the maturity and quantity for every month of the obligation. 


To help reduce transaction costs, the oil producer might instead utilize a stack hedge. 

To form a stack hedge, the oil producer would enter into a one-month futures contract 
equaling the total value of the year’s promised deliveries. As transactions costs are less for 
short-term (e.g., one-month) contracts, the total cost of implementing this strategy is less 
than for a comparable strip hedge. At the end of the first month, the producer rolls into the 
next one-month contract, and so forth, each month setting the total amount of the contract 
equal to the remaining promised deliveries. This strategy of continually rolling into the next 
near-term contract is referred to as stack and roll. 


A stack hedge has the advantage when near-term contracts are more readily available due to 
heavier volume and more liquidity. Another advantage of near-term contracts is that distant 
futures on commodities often have wider bid-ask spreads and therefore larger transaction 
costs. In addition, an oil producer may prefer a stack hedge in order to speculate on the 
shape of the forward curve. For example, assume the forward curve looks unusually steep. 
The oil producer would then enter into a stacked hedge with a large near-term contract. 

If the forward curve later flattens, the oil producer locks in all the oil at a relatively cheap 
near-term price compared to the more expensive futures using the strip strategy. 
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Cross HEDGING 


AIM 33.15: Describe examples of cross-hedging, specifically hedging jet fuel with 


crude oil and using weather derivatives. 


In some cases, a futures contract with an underlying instrument that is exactly the same 

as the position to be hedged will not exist. For example, there are no contracts for jet fuel 
futures in the United States. Therefore, hedging jet fuel requires a cross hedge. Some firms 
hedge the cost of jet fuel with crude oil futures while others hedge using a combination 

of crude oil and heating oil futures. Three factors are relevant when making a cross hedge 
decision: 


e The liquidity of the futures contract (since delivery may not be an option). 
¢ The correlation between the underlying for the futures contract and the asset(s) being 
hedged. 


¢ The maturity of the futures contract. 


Each of these factors has an impact on the effectiveness of the hedge. The liquidity of the 
cross hedge is important in order for the portfolio manager to quickly unwind the futures 
obligation. Thus, the manager should try to choose among liquid instruments to find the 
futures contract whose maturity most closely matches that of the horizon of the hedged 
position. 


To illustrate the concept of cross hedging, consider a firm that uses crude oil futures to 
hedge jet fuel prices. The payoff from this type of hedge will depend on both the change 

in jet fuel prices and the change in oil futures prices. Thus, the number of crude oil futures 
contracts required is estimated using regression analysis, where the change in jet fuel prices 
is dependent on the change in oil futures prices. The slope coefficient from the regression 
results will provide the portfolio manager with hedge ratio information regarding the degree 
that crude oil price changes affect the price of jet fuel. 
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A cross hedge is also applied when firms use weather derivatives. Weather risk is a business 
risk that is faced by agricultural firms as well as many firms involved with providing 
recreational services. It refers to any financial losses, explicit and implicit, that a firm faces 
from changes in the weather. 


Utility companies use weather derivatives, which are based on “degree days,” to hedge the 
cost of energy purchases. Much of the energy supplied by utilities is used for heating or 
cooling with variations in demand directly correlated with weather patterns. Demand can 
rise and fall dramatically in conjunction with the weather experienced in the areas that the 
utilities service. 


Utilities can use derivatives with payoffs based on the weather experienced at weather 
stations that are representative of the areas that they serve. For example, a utility located in 
the northeast U.S. contracts for energy needs based on average weather experienced over 
previous years and predictions for the coming year. Unhedged, the utility would leave itself 
exposed to rising prices from energy producers in the event that the coming winter is far 
worse than predicted. 


If hedging with weather derivatives (specifically weather options), and the winter were 
worse than expected (have more heating degree days than the strike value of the contract), 
the utility would receive the specified payment. If the winter were milder than expected, 
the contract would expire worthless. The actual measurements are from specified U.S. 
government sites in the areas specified by the contract. 


The use of weather derivatives by other investors is growing, but one of the biggest 
problems is basis risk. That is, it is difficult to accurately match up the exposure of other 
assets to the weather with that specified by the contracts. Other than large-scale exposure, 
such as that experienced by utilities, many producers are much more susceptible to more 
local variations. For instance, a large farming operation has exposure to the rain falling on 
its own fields and may suffer losses from too much or too little rain. The rain on its fields 
may not have a high correlation with the rain experienced at the weather station 50 miles 
away. 
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The commodity forward price today is defined as a biased estimate of the expected spot 
commodity price at time T'as follows: Foy = E(S,)e* ~ oT 


The lease rate is defined as the amount of return the investor requires to buy and then 
lend a commodity. If an active lease market exists for a commodity, a commodity 
lender can earn the lease rate by buying a commodity and immediately selling it 
forward. 


The commodity market is in contango with an upward-sloping forward curve when 
the lease rate is less than the risk-free rate. The market is in backwardation with a 
downward-sloping forward curve when the lease rate is greater than the risk-free rate. 


A commodity owner will only store the commodity if the forward price is greater than 
or equal to the spot price plus the future storage costs as follows: 

For 2 SeT + A(0,T), where \(0,T) represents the future value of storage costs for one 
unit of the commodity from time 0 to T. 


If storage costs are paid continuously and are proportional to the value of the 
commodity, the no-arbitrage forward price becomes F, p = Spe * XT. 


Holding an excess physical inventory of the commodity creates non-monetary value 
for commodity owners who require the commodity as a production input. This 

is referred to as convenience yield, and the forward price including a convenience 
yield is calculated as Fy + > Sy" * à- 9T, where c is the continuously compounded 
convenience yield, proportional to the value of the commodity. 


The owner of a commodity who uses the commodity in production is able to create a 
range of no-arbitrage prices as follows: S,e * à= 9T < Fyr <Sye#* YT. 


Gold, corn, natural gas, and oil are all examples of commodities with characteristics 
that differ with respect to storage costs, the ability to store, production costs, and 
seasonal demand. These unique differences influence the commodity forward prices 
and the shape of the forward curves. 


A commodity spread results from a commodity that is an input in the production 
process of other commodities. For example, a 7-4-3 crack spread refers to the profit for 
holding four gasoline futures plus three heating oil futures less seven crude oil futures. 


Basis risk results from the inability to create a perfect hedge due to differences in the 
commodities with respect to timing, grade, storage costs, and/or transportation costs. 


A strip hedge is created by buying future contracts that match the maturity and 
quantity for every month of the obligation. A stack hedge is created by buying a futures 
contract with a single maturity based on the present value of the future obligations. 
Advantages of the stack hedge are the availability and liquidity of near-term contracts 
and narrower bid-ask spreads for near-term contracts. 
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CONCEPT CHECKERS 


l. Which of the following statements regarding lease rates is(are) true? The lease rate is: 


I. the amount of return the investor requires to buy and then lend a commodity. 
II. very similar to the dividend payment in a financial forward. 


A. Ionly. 

B. H only. 

C. Both I and II. 
D. Neither I nor II. 


2. Suppose there is an active lending market for a bushel of soybeans. If the annual 
lease rate is equal to 7%, the effective annual risk-free rate is equal to 7%, and the 
expected spot rate in one year is equal to $4/bushel of soybeans, how could an 
investor create an arbitrage opportunity? An individual could: 

A. borrow money at 7% and purchase a bushel of soybeans and sell it forward. 

B. borrow a bushel of soybeans and sell a bushel of soybeans at the spot rate and 
buy a long forward. 

C. sell a bushel of soybeans at the forward rate and lend the money at the risk-free 
rate. 

D. go long in soybean forward contracts, short in soybean spot rates, and lend the 
excess proceeds at the risk-free rate. 


3. What is the 3-month forward price for a bushel of corn if the current spot price 
for corn is $3/bushel, the effective monthly interest rate is 1.5%, and the monthly 
storage costs are $0.03/bushel? 

A. $3.18. 
B. $3.23. 
C. $3.29. 
D. $3.31. 


4, Suppose we plan on buying crude oil in one month to produce gasoline and heating 
oil for sale in two months. The 1-month future price for crude oil is currently 
$42.5/barrel. The 2-month future prices for gasoline and heating oil are $45/barrel 
and $43.50/barrel, respectively. What is the 7-5-2 crack (commodity) spread? 

A. $2.07/barrel. 
B. $6.00/barrel. 
C. $14.50/barrel. 
D. $22.09/barrel. 


5. Which of the following statements is an example of basis risk? Purchasing: 
an oil contract with delivery in a different geographical region. 

a commodity with a desired distant delivery with near-term contracts. 
a eurodollar contract, due to lack of commodity futures. 

. All of the above statements are correct. 


OF 


©2012 Kaplan, Inc. Page 157 


Topic 33 


Cross Reference to GARP Assigned Reading - McDonald, Chapter 6 


CONCEPT CHECKER ANSWERS 


1. 


2; 


5. 
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C A Lease rate is the amount of interest a lender of a commodity requires. From the borrower’s 


A 


perspective, the lease rate represents the cost of borrowing the commodity. The lease rate 
in the pricing of a commodity future is very similar to the dividend payment in a financial 
forward. 


An individual could borrow money at the risk-free rate of 7% to purchase a bushel of 
soybeans and sell it forward. The individual immediately lends the bushel of soybeans out at 
a lease rate of 7%. At the end of the lease period, T}, the individual would pay back the loan 
with interest at $4.28, sell the soybeans at $4.00, and receive the lease payment of $0.28. 

In order for a no-arbitrage position to exist, the forward rate, Fy,» must be equal to the 
expected spot rate of $4.00. An arbitrage position exists if the forward rate is not equivalent 
to the expected spot rate. 


No-Arbitrage Opportunity on Bushel of Soybeans 


Transaction Time = T9 Time = T, 
Borrow @ 7% $4.00 ($4.28) 
Buy a bushel of soybeans ($4.00) $4.00 
Lend bushel of soybeans $0 $0.28 
Short forward @ $4 $0 Fy ,-$4 
Total $0 Fy ,-$4 


First calculate the future cost of storage for three months, (0,1), as follows: 
$0.03 + $0.03(1.015) + $0.03(1.015)? = $0.0914 


The amount of $0.0914 represents the 3-month storage costs plus interest. Next, add the 
cost of storage to the spot price plus interest. 


Fo 7 = Se’? + A(O,T) ~ $3.00(1.015%) + $0.0914 = $3.1370 + $0.0914 = $3.23 


The 7-5-2 spread tells us the amount of profit that can be locked in by buying seven barrels 
of oil and producing five barrels of gasoline and two barrels of heating oil. 
Profit for a 7-5-2 spread = 


(5 x $45) + (2 x $43.50) — (7 x $42.5) = $225 + $87 — $297.5 = $14.50 for seven barrels, or 
$14.5 / 7 barrels = $2.07/barrel. 


D All are examples of basis risk, which results from the inability of commodities to create a 


perfect hedge. Differences due to timing, grade, storage costs, or transportation costs create 
basis risk. 
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Exposure to foreign exchange risks is a natural result of the globalization of financial 
institutions. These risks arise when foreign currency trading and/or foreign asset-liability 
positions are mismatched in individual currencies. Unexpected volatility can generate 
significant losses for the firm, which could, in turn, threaten profitability or even solvency. 
These risks can be mitigated by direct hedging through matching foreign asset-liability 
books of business, hedging through forward contracts, and through foreign asset and liability 
portfolio diversification. 


SOURCES OF FOREIGN EXCHANGE RISK 


AIM 34.1: Calculate a financial institution’s overall foreign exchange exposure. 


AIM 34.2: Demonstrate how a financial institution could alter its net position 
exposure to reduce foreign exchange risk. 


AIM 34.3: Calculate a financial institution’s potential dollar gain or loss exposure 
to a particular currency. 


Large financial institutions (banks) frequently take significant positions in foreign currency 
assets and liabilities as a result of their foreign exchange trading activities. When looking 

at such financial institutions’ currency trading activities, the aggregate position size in a 
particular currency may look extremely large; however, since buys and sells will offset one 
another in terms of exposure, the net exposure to the currency may actually be quite small. 


A bank's actual exposure to any given currency can be measured by the net position 
exposure. Net exposure is the extent to which a bank is net long (or positive) or net short (or 
negative) in a given currency. For example, a bank’s net euro (EUR) exposure would be: 


net EUR exposure = (EUR assets — EUR liabilities) + (EUR bought — EUR sold) 
net EUR exposure = net EUR assets + net EUR bought 


A positive net exposure position means that we are net long in a currency. In other words, 
we hold more assets than liabilities in a given currency. In this instance, the financial 
institution faces the risk that the foreign currency will fall in value against the domestic 
currency. 


A negative net exposure position means that we are net short in a currency. The financial 


institution faces the risk that the foreign currency will rise in value against the domestic 
currency. 
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Therefore, if a U.S. financial institution fails to maintain a balanced position in a currency 
where assets (purchases) are exactly offset by liabilities (sales), the institution will be exposed 
to variations in the foreign exchange (FX) rate of that currency against the U.S. dollar. The 
more volatile the FX rate, the more potential impact a net exposure (either long or short) 
will have on the value of a bank’s foreign currency portfolio. 


FOREIGN TRADING ACTIVITIES 


AIM 34.4: List and describe the different types of foreign exchange trading 


activities. 


A financial institution’s buying and selling of foreign currencies, and hence the institution's 
position in the FX market, reflects four key trading activities: 


1. Enabling customers to participate in international commercial business transactions. 


2. Enabling customers to take positions in real or financial foreign investments. Note that 
a financial institution may also transact in foreign currencies to take positions in real or 
financial foreign investments for its own portfolio. 


3. Offsetting exposure in a given currency for hedging purposes. 


4. Speculating on foreign currencies in search of profit by forecasting and/or anticipating 
futures FX rate movements. 


When a bank is buying or selling a foreign currency for the purpose of either allowing its 
customers to participate in international commercial business transactions or investing in 
real or financial foreign investments, the bank typically serves as an agent for the customers 
(receives a fee) and does not assume the FX risk itself. 


When a bank is buying or selling a currency for hedging purposes, this will reduce FX 
exposure. 


The fourth activity, trading foreign currencies with the intent to profit by anticipating 
future foreign currency rate movements, relates to open positions that are taken for 
speculative purposes and represents an unhedged position in a given currency. These 
speculative trades are usually made directly with other financial institutions or arranged 


through FX specialist brokers. 


Currency spot trades are the most frequently executed speculative trades. The financial 
institution seeks to earn a profit on the difference between the buy and sell prices or on 
movements in the bid-ask spreads over time. Speculative positions can also be taken in FX 
forward contracts, futures, and options. 
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SOURCES OF PROFITS AND LOSSES ON FOREIGN EXCHANGE TRADING 


AIM 34.5: Identify the sources of foreign exchange trading gains and losses. 


AIM 34.6: Calculate the potential gain or loss from a foreign currency 


denominated investment. 


Most returns on FX trading arise from speculation in currencies or taking an unhedged 
position in a particular currency. Financial institutions also earn fees as a secondary source 
of revenues. These revenues are earned from market-making activities and/or from acting as 
agents for retail or wholesale customers. 


MISMATCHED FOREIGN ASSET AND LIABILITY POSITIONS 


A financial institution can also have foreign exchange exposure due to mismatches between 
foreign financial asset and liability portfolios. The following example shows the exposure 
resulting from such a mismatch. 
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| In this example, we assume the spot FX rate has not changed over the 1-year period and 
“temains at USD1.70/CHE The dollar proceeds from the Swiss investment would be: 


CHF33, 235,294 x USD1.70/ CHF = USD56,500,000, for a return of: 


USD56,500,000 — USD50,000,000 
‘USDS50,000,000 


| 


= 13.0% 


Thus, the weighted return on this portfolio will be: 


©" (0:5)(0.08) + (0.5)(0.13) = 0.105 or 10.5% 
UThis exceeds the cost of the bank CDs by 4.5% (=10.5% — 6.0%). 
Example, continued: 


Now, suppose that at the end of the year, the Swiss franc has fallen in value relative to the 
: U.S. dollar. Ifthe exchange rate is now USD1.55/CHE, compute what the Swiss loan 
| tevenues would be at the end of Year 1. 


i 
re 


Co CHF33,235,294 x USD1.55/ CHF = USD51,514,706, for a return of: 


c USDS51,514,706 — USD50,000,000 
i USD50,000,000 


= 3.03% 


‘Thus, the weighted return on this portfolio will be: 


(0.5)(0.08) + (0.5)(0.0303) = 0.0552 or 5.52% 


jas 
he 


Z , 
l- Under this scenario, the bank would actually have a negative interest margin on its 
“balance sheet investments of -0.48% since its cost of funds (COFs) is 6.0%. 


| 
1 


| Example, continued: 


If the Swiss franc had appreciated against the dollar over the year, the bank would have 

' generated a double benefit: (1) from the appreciation of the franc, and (2) from the higher 
“yield on the domestic Swiss loans. If the exchange rate is now USD1.82/CHE, compute 
-what the Swiss loan revenues would be at the end of Year 1. 


Answer: 
CHF33, 235, 294 x USD1.82 / USD = USD60, 488, 235, for a return of: 


USD60, 488, 235 — USD50, 000,000 
USD50,000,000 


= 20.98% 
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The previous example illustrates an important concept. As with any investment, returns 
for the bank’s portfolio are derived from differences between income and costs. However, 
foreign investing provides the additional dynamic of having profits or losses affected by 
changes in foreign exchange rates. There are two principle methods available to control the 


scale of FX exposure: on-balance-sheet hedging and off-balance-sheet hedging. 


On-BaLANCE-SHEET HEDGING 


AIM 34.7: Explain balance-sheet hedging with forwards. 


On-balance-sheet hedging is achieved when a financial institution has a matched maturity 
and currency foreign asset-liability book. Figure 2 is an illustration. 


Figure 2: Balance Sheet 


Assets Liabilities 


USD50 million U.S. loans, 1-year maturity, in | USD50 million U.S. CDs, 1-year maturity, in 
USD, yield 8% USD, yielding 6% 


USD50 million equivalent Swiss loans, 1-year USD50 million Swiss CDs, 1-year maturity, 
maturity, made in CHE, yielding 13% raised in CHE, yielding 10% 


Using the data in Figure 2, we can examine the effects of the franc depreciating by the same 
amount as in the previous example: 


1. The bank borrows USD50 million equivalent in Swiss francs for one year at an interest 
rate of 10%. At the exchange rate of USD1.70/CHE this equates to USD50,000,000 / 
1.70 = CHF29,411,765. 


2, At the end of one year, the bank must pay back the Swiss franc CD holders their 
principal and interest: CHF29,411,765 x (1.10) = CHF32,352,941. 


3. Ifthe franc depreciated to USD1.55/CHF in the period, repayment in dollar terms 
would be CHF32,352,941 x USD1.55/CHE = USD 50,147,059, or a dollar cost of 
funds of 0.3%. 


4. The bank makes CHF29,411,765 in loans at 13% for one year. 


5. At the end of one year, the loans are repaid with interest. CHF29,411,765 (1.13) 
= CHF33,235,294, but at USD1.55/CHE , this equals only USD51,514,706 for a 
return of 3.03%. 
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At the end of the year, we would have the following. 


Average return on assets: 


(0.5)(0.08) + (0.5)(0.0303) = 0.0552 or 5.52% 


USS. asset return + CHF asset return = overall return 


Average cost of funds: 


(0.5)(0.06) + (0.5)(0.003) = 0.0315 or 3.15% 
U.S. cost of funds + CHF cost of funds = overall cost 


Net return: 


5.52% — 3.15% = 2.37% 


average return on assets — average cost of funds 


By directly matching foreign assets and liabilities, we can lock in a positive return or profit 
spread if exchange rates move in either direction over the investment period. 


Orr-BALANCE-SHEET HEDGING 


Rather than matching foreign assets with foreign liabilities, we may choose to remain 
unhedged on the balance sheet. If we do, we could hedge off-balance-sheet by taking a 
position in the forward market. This hedge would appear as a contingent off-balance-sheet 
claim as an item below the net income line. 


Referring to the previous example, the function of the forward FX contract is to offset the 
uncertainty of the future spot rate on the CHF at the end of the investment horizon. A 
forward foreign exchange agreement involves the exchange of a foreign currency at some 
point in the future at an exchange rate that is determined today. Rather than repatriating 
CHF and exchanging them for USD at the end of the period at an unknown rate, the bank 
can enter into a contract to sell forward the expected principal and interest on the loan at 
the current known forward exchange rate for USD/CHE, with the delivery of Swiss francs 
to the buyer of the forward contract taking place at the end of the investment horizon. 
This method effectively removes the future spot exchange rate uncertainty that is related to 
investment returns on the Swiss loan. By using the data in Figure 2, we can illustrate how 
this technique would work. 
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Example: Hedging with forward contracts 


Outline the transactions necessary for the financial institution to use an off-balance-sheet 
hedge for the asset-liability position described in Figure 2. 


Answer: ae 


The following transactions create the off-balance-sheet hedge. 


1. The U.S. bank sells USD50 million for Swiss francs at the spot exchange rate today 
and receives USD50,000,000 / USD1.7/CHE = CHF29,411,765. 


2. Immediately after the sale, the bank lends the CHF29,411,765 to a Swiss customer at _ 
13% for one year. 


3. In addition, the bank sells the expected principal and interest proceeds from the franc ` 
loan forward for U.S. dollars at today’s forward rate (say, USD1.65/CHEF) for 1-year: 
delivery: (USD1.65 — USD1.70) / USD1.70 = —2.94%. 


The forward buyer of the francs will pay USD54,838,235 to the seller when the bank _ 
delivers the CHF33,235,294 proceeds of the loan to the financial institution seller. 


CHF29,411,765(1.13) x USD1.65/CHF = CHF33,235,294 x USD1.65/CHF 
= USD54,838, 235 


4. At the end of one year, the Swiss borrower repays the loan to the bank plus interest in 
Swiss francs (CHF33,235,294). 


5. The bank gives the CHF33,235,294 to the buyer of the 1-year forward contract and 
receives USD54,838,235. 


By using this method, the bank knows it has locked in a guaranteed return of 9.68% on 
the Swiss franc (assuming, of course, the loan will not default and the forward buyer does 
not renege on the forward contract). 


USD54,838,235 — USD50,000,000 
USD50,000, 000 


= 0.0968 = 9.68% 


The overall expected return on the bank’s asset portfolio would then be: 


(0.5)(0.08) + (0.5)(0.0968) = 8.84% 


Regardless of spot exchange rate fluctuations over the year, the bank has locked ina — -== 
risk-free return spread of 2.84% (8.84% return — 6% cost of funds) over the cost of funds 
for the bank’s CDs. 
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AIM 34.8: Describe how a non-arbitrage assumption in the foreign exchange ` 
markets leads to the interest rate parity theorem; use this theorem to calculate 
forward foreign exchange rates. 


Because the hedged Swiss loans offer a higher return than the U.S. loans, it makes sense 
for the bank to focus its activities on making hedged Swiss loans. However, as more is 
invested in Swiss loans, the bank must buy more Swiss francs. This will continually reduce 
the forward rate spread until no additional profits could be made by making the forward 
contract-hedged investments. 


As the bank moves into more Swiss loans, the spot exchange rate for buying francs will rise. 
In equilibrium, the forward exchange rate would have to fall to completely eliminate the 
attractiveness of the Swiss investments. 


This relationship is called interest rate parity (IRP) since the discounted spread between 
domestic and foreign interest rates equals the percentage spread between forward and spot 
exchange rates. In other words, the hedged dollar return on foreign investments should be 
equal to the return on domestic investments. IRP implies that in a competitive market, 

a firm should not be able to make excess profits from foreign investments (i.e., a higher 
domestic currency return from lending in a foreign currency and locking in the forward rate 
of exchange). l 


For the exam, you should know that the exact IRP equation using direct quotes is: 


T 
(G + ipce) 


(+c) 


forward = spot 


where: 
rpc = domestic currency rate 
tpc = foreign currency rate 


If this equality does not hold, an arbitrage opportunity exists. To remember this formula, 
note that when the forward and spot rates are expressed as direct quotes (DC/FC), right- 
hand side of the equation also has the domestic (interest rate) in the numerator and the 
foreign (interest rate) in the denominator. 


If we expressed the forward and spot rates as indirect quotes (FC/DC), then the right- 
hand side of the equation would have the foreign (interest rate) in the numerator and 
the domestic (interest rate) in the denominator. So it’s either domestic over foreign for 
everything, or foreign over domestic for everything. 


IRP can also be stated using continuously compounded rates as follows: 


forward = spot x etpc~trc)T 
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Example: Interest rate parity 


Suppose you can invest in NZD at 5.127%, or you can invest in Swiss francs at 5.5%. 
You. are a resident. of New. Zealand, and the current :spot.ráte is'0.7 Ae NZDII CHE. 
Calculate the 1-year torent rate express | in NZD/: CHE 0: 5 T 


Anar 


1. 05127 
1.055 


(+ E 


j0: 0. 78726. 
(1+ tec 


forward(DC / FC) = spot(DC/ roito -o7 


Professors Note: Notice here that the NZDICHF rate fell from 0.79005 
to 0.78726. This implies that it now takes fewer NZD to buy one CHE 
So, in other words, the New Zealand dollar has appreciated relative to the 
Swiss franc. Consequently, the Swiss franc has depreciated relative to the 
New Zealand dollar. 


DIVERSIFICATION IN MULTICURRENCY FOREIGN ÅSSET-LIABILITY POSITIONS 


AIM 34.9: Explain why diversification in multicurrency asset-liability positions 
could reduce portfolio risk. 


AIM 34.10: Describe the relationship between nominal and real interest rates. 


Our previous examples have used matched and mismatched asset-liability portfolios that 
involve only one foreign currency. In reality, most financial institutions hold positions in 
many different currencies in their asset-liability portfolios. Since currencies may be less than 
perfectly correlated, diversification across several asset and liability markets can potentially 
reduce portfolio risk as well as the cost of funds. Domestic and foreign interest rates and 
stock returns generally do not move together perfectly over time. This means that the risks 
from mismatching one-currency positions may be offset by potential gains from asset-liability 
portfolio diversification. 


Each domestic and foreign nominal interest rate consists of two components. The first 
component is the real interest rate, which reflects a given currency’s real demand and supply 
for its funds. Differences in real interest rates will cause a flow of capital into those countries 
with the highest available real rates of interest. Therefore, there will be an increased demand 
for those currencies, and they will appreciate relative to the currencies of countries whose 
available real rate of return is low. 


The second component is the expected inflation rate, which reflects the amount of 
compensation required by investors to offset the expected erosion of real value over time 
due to inflation. Differences in inflation rates will cause the residents of the country with 
the highest inflation rate to demand more imported (cheaper) goods. For example, if prices 
in the United States are rising twice as fast as in Australia, U.S. citizens will increase their 
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demand for Australian goods (because Australian goods are now cheaper relative to domestic 
8 8 p l 

goods). If a country’s inflation rate is higher than its trading partners’, the demand for the 

country’s currency will be low, and the currency will depreciate. 


The nominal interest rate, r, is the compounded sum of the real interest rate, real r, and the 
expected rate of inflation, E(i), over an estimation horizon. - 


exact methodology: (1+ r) = (1 + real r)[1 + E(i)] 


linear approximation: r = real + E(i) 
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Key CONCEPTS 


Net exposure in a foreign currency measures the extent to which a bank is net long 
or net short a foreign currency. A net long (short) position in a currency means that a 
bank faces the risk that the FX rate will fall (rise) in value versus the domestic currency. 


A financial institution’s buying and selling of foreign currencies, and hence the 

institution’s position in the FX market, reflects four key trading activities: 

e Enabling customers to participate in international commercial business transactions. 

¢ Enabling customers (or the financial institution itself) to take positions in real and 
financial foreign investments. 

¢ Offsetting exposure to gain currency for hedging purposes. 

e Speculating on future FX rate movements. 


Most of the profits and losses on FX come from speculation or open position taking. A 
secondary source of revenue comes from market-making activities and/or agency fees. 


Mismatches between foreign financial assets and liabilities can create FX risk exposure. 


There is an extra dimension of return and risk from adding foreign currency assets and 
liabilities to a portfolio. 


There are two principle methods of better controlling the impact of FX exposure: 

e On-balance-sheet hedging is achieved when a financial institution has a matched 
maturity and foreign currency balance sheet. 

e Off-balance-sheet hedging occurs through the purchase of forwards for institutions 
that choose to remain unhedged on the balance sheet. 


Since domestic and foreign interest rates and stock returns do not usually move in 
perfect correlation, opportunities for potential gains from asset-liability portfolio 
diversification can offset currency risk. 
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CONCEPT CHECKERS 


1. Ion National Bank issues a 6-month, USD1 million CD at 4.0% and funds a loan 
in Argentine pesos (ARS) at 6.50%. The spot rate for the ARS was ARS2.27 per 
USD at the time of the transaction. In 6 months, the ARS will have depreciated to 
ARS2.30 per USD. What is the realized nominal annual spread on the loan? 


A. -1.07%. 
B. -0.19%. 
C. 0.11%. 
D. 0.13%. 
2: With respect to Japanese yen (JPY), a U.S. firm has exchange-rate risk: 


A. that depends only on its net asset-liability position. 
B. if its JPY-denominated bonds have greater value than its JPY-denominated loans. 
C. only if its net JPY position is positive. 

D. whenever its total JPY assets are not equal to its total JPY liabilities. 


Use the following data to answer Questions 3 through 5. 
Century Bank issues USD20 million in U.S. CDs to fund its loan portfolio. The following 


characteristics pertain to the asset-liability position of the bank: 


e À promised 1-year rate on the CDs of 7%. 

e It invests 50% of its USD20 million in 1-year U.K. loans at 12% (loans made in GBP). 

¢ The bank invests the other 50% in U.S. loans at 8% for one year. 

e At the beginning of the year, the bank sells USD10 million for GBP in the spot currency 
markets at an exchange rate of USD1.42/GBP. 

e The 1-year forward exchange rate is USD1.40/GBP. 


3: If the spot foreign exchange rate does not change over the year, the USD proceeds 
from the U.K. investment will be: 
A. USD7,040,000. 
B. USD7,890,000. 
C. USD11,200,000. 
D. USD12,000,000. 


4, If the exchange rate falls to USD1.38/GBP, what is the weighted return on the 
bank’s asset portfolio? 
A. 1.41%. 
B. 2.82%. 
C. 5.41%. 
D. 8.42%. 


5. If the bank hedges its GBP loan in the forward market, what is the return on the 
bank’s loan portfolio? 
A. 8.37%. 
B. 9.21%. 
C. 9.79%. 
D. 10.11%. 
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CONCEPT CHECKER ANSWERS 


1. 


B 


USD1 M x ARS2.27 x 1.0325 = ARS2,343,775 / 2.30 = USD1,019,033 — (USD1 M x 
1.02) = -$967.40; -967.40/1 M = —0.0009674 x 2 = -0.19% 


A firm’s exchange-rate risk depends on its net asset-liability exposure and on the volatility of 
the exchange rate with the JPY. Bonds and loans are only part of the whole JPY-denominated 
portfolio; forward contracts and currency holdings must be included to calculate the net 
asset-liability exposure. Either a positive or negative imbalance between JPY-denominated 


assets and liabilities will expose the firm to exchange rate risk. 


USD1.42/GBP = USD10,000,000 / 1.42 = GBP7,042,254 (1.12) = GBP7,887,324 x 1.42 
= USD11,200,000 


USD 10,000,000 x 1 / 1.42 = GBP7,042,254 

GBP7,042,254 x 1.12 x USD1.38/GBP = USD10,884,507 

(USD 10,884,507 — USD 10,000,000) / 10,000,000 = 0.08845 = 8.845% 
(0.5)(0.08) + (0.5)(0.08845) = 8.42% 


USD 10,000,000 x 1 / 1.42 = GBP7,042,254 x 1.12 x USD 1.40/GBP = USD 11,042,254: 
(11,042,254 — 10,000,000) / 10,000,000 = 10.42%; (0.5)(0.08) + (0.5)(0.1042) = 9.21% 
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The following is a review of the Financial Markets and Products principles designed to address the AIM 
statements set forth by GARP®. This topic is also covered in: 


CORPORATE BONDS 


Topic 35 
Exam Focus 


The term “bond” refers to a variety of assets which offer a wide range of interest rate 
payments from fixed cash payments, to accruals without cash, to payments in the form 

of additional securities. In this topic, we will provide an overview of major fixed-income 
instruments and their payment structures. We will also address the impact of credit risk and 
event risk on bond ratings and features. For the exam, be familiar with the types of bonds 
discussed and the methods for retiring bonds. Also, know the terminology associated with 
high-yield issues. l 


BOND INDENTURE AND ROLE OF CORPORATE TRUSTEE 


AIM 35.1: Describe a bond indenture and explain the role of the corporate trustee. 


The bond indenture is a document that sets forth the obligation of the issuer and the rights 
of the investors in the bonds (i.e., the bondholders). It is usually a detailed document filled 
with legal language. One of the roles of the corporate trustee is to interpret this language 
and represent the interests of the bondholders. Banks or trust companies most often serve as 
corporate trustees, and the position requires that they act in a fiduciary capacity on behalf of 
the bondholders. The trustee would authenticate the issue, which includes keeping track of 
the amount of bonds issued and making sure the number does not exceed the limit specified 
in the indenture. The trustee would monitor the corporation's activities to make sure 

the issuer abides by the indenture’s covenants (e.g., maintaining key ratios below a given 
number). 


All corporate bond offerings over $5 million and sold in interstate commerce must have a 
corporate trustee as set forth in the Trust Indenture Act. The corporate trustees must be 
competent and financially responsible and should also not have any conflicts of interest, 
(e.g., being a creditor of the issuer). The indenture would specify how the trustee would 
make reports to bondholders and what to do if the issuer fails to pay interest or principal. 
As mentioned earlier, the basic goal of the trustee is to protect the rights of bondholders. 


Marvurity DATE 


AIM 35.2: Explain a bond’s maturity date and how it impacts bond retirements. 


The maturity date of a bond is when the bond issuer’s obligations are fulfilled. At maturity, 
the issuer pays the principal and any accrued interest or premium. The contract, as set forth 
by the indenture, may terminate prior to the maturity date if, for example, the corporation 
chooses to retire the bonds early. The longer the maturity of the bond, the more time a 
company has to retire the bond issue. 
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INTEREST PAYMENT CLASSIFICATIONS 


AIM 35.3: Describe the main types of interest payment classifications. 


AIM 35.4: Describe zero-coupon bonds, the relationship between original-issue- 
discount and reinvestment risk, and the treatment of zeroes in bankruptcy. 


The main types of bond interest payment classifications are: straight-coupon bonds, zero- 
coupon bonds, and floating-rate bonds. The interest rate on a bond is often called the 
coupon. However, bonds today technically no longer have coupons attached directly to 
them. Now, bonds are registered and represented by a certificate, or they are kept in book- 
entry form where one master or global certificate is issued and held by a central securities 
depository that issues receipts. This method is considered a safer way to make payments. 


Straight-coupon bonds, also called fixed-rate bonds, have a fixed interest rate set for the 
entire life of the issue. In the United States, fixed-rate bonds typically pay interest every six 
months. In Europe and some other countries, bonds make annual interest rate payments. A 
bond issued in the United States with an 8% interest rate and a $1,000 par value on 

March 1, 2009 will pay $40 of interest each September 1 and each March 1 until its 
maturity date or until the bond is retired, at which time the issuer would pay both the final 
interest payment and the $1,000 principal back to the bondholder. 


In addition to just paying a fixed dollar interest, bonds in the United States have been issued 
that pay in foreign currency. Two other variations are a participating bond and an income 
bond. Participating bonds pay at least the specified interest rate but may pay more if the 
company’s profits increase. Income bonds pay at most the specified interest, but they may 
pay less if the company’s income is not sufficient. In both cases, the conditions for paying 
more or less than the specified coupon would be set forth in the indenture. 


Floating-rate bonds are also known as variable rate bonds. The interest paid is generally 
linked to some widely used reference rate such as LIBOR or the Federal Funds rate. 


Zero-coupon bonds pay the face value or principal at maturity. There is not a cash interest 
payment; instead, the bondholder earns a return by purchasing the bond at a discount to 
face value and receiving the full face value at maturity. Variations of the zero-coupon bond 
include the deferred-interest bond (DIB) and the payment-in-kind bond (PIK). The DIB 
will not pay cash interest for some number of years early in the life of the bond. That period 
is the deferred-interest period. During this period, cash interest accrues and is then paid 
semiannually until maturity or when redeemed. PIK bonds pay interest with additional 
bonds for the initial period, and then cash interest after that period ends. 


Most zero-coupons issued today share a host of other features such as being convertible, 
callable, and putable. A zero-coupon bond’s interest rate is determined by the original-issue 


discount (OID): 
original-issue discount (OID) = face value — offering price 


The value of the bond grows each year and thus pays implicit interest, which is a function 
of the OID and the term-to-maturity. In other words, the rate of return depends on the 
amount of the discount and the period over which it grows. 
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One advantage of zero-coupon bonds is zero reinvestment risk. The bondholder does not 

have to make an effort to reinvest cash interest payments or worry about the available rates 
at which to reinvest them. A disadvantage is that the bondholder must pay taxes each year 

on the accrued interest even though no cash is received from the bond issuer. 


If the issuer goes into bankruptcy prior to the maturity of a zero-coupon bond, the 
bondholders are only entitled to the accrued interest up to that date and not the full face 
value of the bond. In other words, the zero-coupon bond creditor can only claim the 
original offering price plus accrued and unpaid interest up to the date of the bankruptcy 
filing. The bond issuer faces a huge liability with a zero-coupon bond because of the large 
balloon payment at maturity. 


Bonp Tyres 


AIM 35.5: Describe the various security types relevant for corporate bonds, 
including: 

e Mortgage bonds 

e Collateral trust bonds 

¢ Equipment trust certificates 

¢ Debenture bonds (including subordinated and convertible debentures) 
e Guaranteed bonds 


Corporate bonds can have a security, such as real property, underlying the issue. Those who 
own mortgage bonds have a first-mortgage lien on the properties of the issuer. This security 
allows the issuer to pay a lower rate of return than it would have to pay on unsecured 
bonds, which are known as debentures. The lien gives the bondholders the right to sell 

the mortgaged property to satisfy unpaid obligations to bondholders. In practice, this 

right is usually used for bargaining purposes only, and the bankruptcy takes the form of 
reorganization as opposed to liquidation. 


Mortgage bonds can be issued in a series in a blanket arrangement. In this case, one group 
of bonds is issued under the mortgage, and then others are issued later. When earlier issues 
mature, additional bonds are then issued in their place. 


Collateral trust bonds are backed by stocks, notes, bonds, or other similar obligations that 
the company owns. The underlying assets are called the collateral or personal property. The 
issuers are holding companies, and the collateral consists of claims on their subsidiaries. 


The trustee holds the collateral for the benefit of the bondholders; however, the issuer 
retains voting rights for stock used as collateral, so they retain control over their subsidiaries. 
The indenture may have provisions covering what to do if the value of the collateral falls 
below the value of the loan. If the collateral falls in value, the issuer may have to contribute 
additional securities to back the bonds. The issuer may be able to withdraw collateral if the 
value rises in order to exceed the loan value. Like mortgage bonds, collateral trust bonds 
may be issued in series. 
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Equipment trust certificates (ETCs) are a variation of a mortgage bond where a particular 
piece of equipment underlies the bond. The usual arrangement is that the borrower 

does not actually purchase the equipment. Instead, the trustee purchases the equipment 

and leases it to the user of the equipment (the effective borrower), who pays rent on the 
equipment, and that rent is passed through to the holders of the ETCs. The payments to 
the creditors are called dividends. The trustee pays for the equipment with the money raised 
from the issuance of the ETCs, usually about 80% of the value of the equipment, and what 
is effectively a down payment from the user of the equipment. This provides more security 
to the creditors than that of a mortgage bond. It is especially attractive if the equipment 

is standardized, as in the case of railroad cars, which provides for easy sale or lease of the 
equipment in the case the user of the equipment defaults. ETCs are generally considered the 
most secure type of bond since the underlying assets are actually owned by the trustee and 
rented to the borrower. 


As noted earlier, debentures are unsecured bonds (i.e., they do not have any assets 
underlying the issue). Most corporate bonds are debentures and usually pay a higher 
interest rate for that reason. However, if the company is highly rated and has not issued 

any secured bonds, then debentures are almost the equivalent of mortgage bonds in that 
they have a claim on all the assets of the issuer along with the general creditors. If the issuer 
has issued secured debt along with debentures, the debenture holders have a claim on the 
assets that are not backing the secured debt. Typically the issuer is restricted to one issue 

of debentures if there is already secured debt. If there is no secured debt, and the company 
issues debentures, there is often a negative-pledge clause that says that the debentures will be 
secured equally with any secured bonds that may be issued in the future. 


Subordinated debenture bonds have a claim that is at the bottom of the list of creditors if 
the issuer goes into default. They are bonds that are unsecured and have another unsecured 
bond with a higher claim above them. This means that the issuer has to offer a higher 
interest rate on the subordinated debentures. 


Issuers may choose to issue convertible debentures, which give the bondholder the right 

to convert the bond into common stock. This feature will lower the interest rate paid. The 
cost to the issuer, however, is the possibility of increased dilution of the stock. A variation 
of convertible debentures is exchangeable debentures that are convertible into the common 
stock of a corporation other than that of the issuer. 


Bonds issued by one company may also be guaranteed by other companies. These bonds 
are known as guaranteed bonds. A guarantee does not ensure that the issue will be free 
of default risk since the risk will depend on the ability of the guarantor(s) to satisfy all 


obligations. 
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METHODS FOR RETIRING BONDS 


AIM 35.6: Describe the mechanisms by which corporate bonds can be retired 
before maturity, including: 

e Call provisions 

e Sinking-fund provisions 

e Maintenance and replacement funds 

¢ Tender offers 


There are a variety of methods for retiring debt, and some are included in the bond’s 
indenture while others are not included. The indenture would include the call and 
refunding provisions, sinking funds, maintenance and replacement funds, and redemption 
through sale of assets. The indenture would not include fixed-spread tender offers. 


Call and refunding provisions are essentially call options on the bonds that the issuer owns 
and give the issuer the right to purchase at a fixed price either in whole or in part prior 

to maturity. These provisions allow a firm to call back debt that has a high coupon and 
reissue debt with a lower coupon. Other reasons for exercising these options are to eliminate 
restrictive covenants, alter capital structure, increase shareholder value, or improve financial/ 
managerial flexibility. A call provision can either be a fixed-price call or a make-whole call. 


¢  Fixed-price call. The firm can call back the bonds at specific prices that can vary over the 
life of the bonds as specified in the indenture. They generally start out high and decline 
toward par. Also, for most bonds, the bonds are not callable during the first few years of 
the issue’s life. 

e Make-whole call. In this case, market rates determine the call price, which is the present 
value of the bond’s remaining cash flows subject to a floor price equal to par value. A 
discount rate based on the yield of comparable-maturity Treasury securities (usually the 
rate plus a premium) determines the present value and the bond’s price. The redemption 
price is the greater of that present value or the par value plus accrued interest. 


A sinking fund provision generally means the issuing firm retires a specified portion of 
the debt each year as outlined in the indenture. The bonds can either be retired by use 
of a lottery where the owners of the selected bonds must redeem them, or the bonds are 
purchased in the open market. The purchase of some sufficient amount of equipment in 
excess of the value of the amount of the bonds to be retired is another action that may 
satisfy a sinking fund provision. 


The lottery approach to satisfying the sinking fund is very similar to a call provision in that 
the bondholders must sell back their bonds at a specified price. Unlike the call provision, 
there may be advantages to the bondholders. First, the retirement of bonds improves the 
financial health of the firm. Second, the redemption price may exceed the market price. 
However, the indenture may give the issuer some flexibility as to how much of the bonds 

to call back each period, which would give the firm some latitude to call back more bonds 
when the market conditions are favorable to do so. One example is an accelerated sinking- 
fund provision, which allows the firm to call back more bonds in early years, which the firm 
would do if interest rates fall in those early years. 


A maintenance and replacement fund (M&R) has the same goal as a sinking fund 


provision, which is to maintain the credibility of the property backing the bonds. The 


provisions differ in that the M&R provision is more complex since it requires valuation 
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formulas for the underlying assets. The main point is that the provision specifies that the 
fund must keep up the value of the underlying assets much like a home mortgage specifies 
the home buyer must keep up the value of the home. One way to satisfy the provision is 
to acquire sufficient cash to maintain the health of the firm. That cash can then be used to 
retire debt. 


Tender offers are usually a means for retiring debt for most firms. The firm openly indicates 
an interest in buying back a certain dollar amount of bonds or, more often, all of the bonds 
at a set price. The goal is to eliminate restrictive covenants or to use excess cash. If the first 
tender offer price does not get sufficient interest, the firm can increase its offer price. Firms 
can also announce that they will buy back bonds based on the price as determined by a 
certain market interest rate (e.g., the yield to maturity on a comparable-maturity Treasury 
plus a spread). This lowers interest rate risk for both the bondholders and the bond issuer. 


As a final note, the issuing firm may be able to call back bonds if it is necessary to sell 
assets associated with the bond issue. For example, if the government requires a firm to sell 
property, but that property is being used as collateral for the bonds, the firm would sell the 
property and call back the bonds. 


CREDIT Risk 


AIM 35.7: Describe and differentiate between credit default risk and credit spread 


risk. 


Credit risk includes credit default risk and credit spread risk. Credit default risk is the 
uncertainty concerning the issuer making timely payments of interest and principal as 
prescribed by the bond’s indenture. The most widely-used indicators of this risk are bond 
ratings that major rating agencies assign when those agencies perform credit analysis of a 
firm. Fitch Ratings, Moody’s, and Standard & Poor's are the main rating agencies in the 
United States. The agencies assign a symbol associated with the rating (e.g., AAA or Aaa 
for the corporate debt with the least credit default risk). The rating can be interpreted as a 
probability of default within some time period. 


O Professors Note: We will discuss credit ratings in more detail in Book 4. 


Credit spread risk focuses on the difference between a corporate bond’s yield and the yield 
on a comparable-maturity benchmark Treasury security. This difference is known as the 
credit spread. It should be noted that other factors such as embedded options and liquidity 
factors can affect this spread; therefore, it is not only a function of credit risk. 


The risk here is from possible changes in this spread from changes in investor risk aversion, 
which will change the value of the associated bond. Other factors affecting credit spreads are 
macroeconomic forces such as the level and slope of the Treasury yield curve, the business 
cycle, and issue-specific factors such as the corporation’s financial position and the future 
prospects of the firm and its industry. 
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A method commonly used to evaluate credit spread risk is spread duration. The duration 
of the spread is the approximate percentage change in a bond’s price for a 100 basis point 
change in the credit spread assuming that the Treasury rate is constant. If a bond has a 
spread duration of 4, for example, a 50 basis point change in the spread will change the 
value of the bond by 2%. 


Event Risk 


AIM 35.8: Describe event risk and what may cause it in corporate bonds. 


Event risk addresses the adverse consequences from possible events such as mergers, 
recapitalizations, restructurings, acquisitions, leveraged buyouts, and share repurchases, 
which may escape being included in the indenture. Such events can drastically change the 
firm’s capital structure and reduce the creditworthiness of the bonds and their value. In 
order to protect shareholders, a company may include in the indenture a poison put, which 
can require the company to repurchase the debt at or above par value in the event of a 
takeover not approved by the board of directors (i.e., a hostile takeover). The purpose of this 
feature is to protect bondholders, but its effectiveness toward this goal can be misleading in 
that the acquiring firm may offer a sufficiently high price for the stock so that the hostile 
takeover becomes friendly. As a result, the poison puts would not be exercised. 


Investors can lobby for clauses in the indenture to activate a put option for a variety of 
reasons including a change in the bond’s rating. Some of the debt rating services issue 
commentary on the indenture’s protective features, which could include the possibility of 
the firm being able to circumvent the features through careful legal moves (e.g., turning a 
hostile takeover into a friendly takeover). It should be noted that event risk can change on a 
market level. During times of increased merger activity, for example, the event risk increases 
for most bonds. 


Hicu-Y1eL_p Bonps 


AIM 35.9: Define high-yield bonds, describe types of high-yield bond issuers, and 
some of the payment features peculiar to high-yield bonds. 


High-yield bonds (a.k.a. junk bonds) are those bonds rated below investment grade 

by ratings agencies. This includes a broad range of ratings below the cutoff, (e.g., BB 

to default). Businessman’s risk refers to bonds with a rating at the bottom rung of the 
investment-grade category (Baa and BBB) or at the top end of the speculative-grade 
category (Ba and BB). Over long periods of time, high-yield bonds should offer higher 
average returns. However, over shorter periods, the returns will be volatile where large losses 
are possible. 


There are many types of high-yield bonds. One type includes companies who issue bonds 
with a non-investment grade rating. Such issuers include young and growing companies 
that do not have strong financial statements but who have promising prospects. Firms may 
issue such bonds to raise venture capital, and their prospects are tied to a particular project 
or story, which gives them the name “story bonds.” 
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Established firms that have had a deteriorating financial situation may need to raise debt 
capital as well, and they would issue bonds that reflect their situation. Also, an established 
firm who already has unsecured debt issued with an investment-grade credit rating may be 
able to issue subordinated debt, but that debt would be non-inyestment grade. 


Fallen angels are another type of high-yield bond. They are bonds that were issued with 

an investment-grade rating; but then events led to the ratings agencies lowering the rating 
to below investment grade. If the issuers are in or near bankruptcy, they are often called 
“special situations,” which could either pay off if the company recovers or lead to big losses. 


Restructurings and leveraged buyouts may increase the credit risk of a company to the 
point where the bonds become non-investment grade. The new management may pay high 
dividends, deplete the acquired firm's cash, and lower the rating of the existing bonds. In 
this process, the firm may issue non-investment grade debt to pay off the bridge loans taken 
to finance the acquisition. 


High-yield bonds can have several types of coupon structures. There are reset bonds, where 
designated investment banks periodically reset the coupon to reflect market rates and the 
creditworthiness of the issuer. There are also deferred-coupon structures, which include 
three types: (1) deferred-interest bonds, (2) step-up bonds, and (3) payment-in-kind bonds. 
Deferred-interest bonds sell at a deep discount and do not pay interest in the early years of 
the issue, say, for three to seven years. Step-up bonds pay a low coupon in the early years 
and then a higher coupon in later years. Payment-in-kind bonds allow the issuer to pay 
interest in the form of additional bonds over the initial period. 


DEFAULT RATE 


AIM 35.10: Define and differentiate between an issuer default rate and a dollar 
default rate. 


A default occurs if there are any missed or delayed disbursements of interest and/or 
principal. It has been proven that lower credit ratings indicate a higher probability of 
default, but there are two ways to measure default: by the raw number of issuers that 
defaulted or the dollar amount of issues that defaulted. For each approach in measuring 
default rates, there are different formulas, which can lead to researchers reporting different 
default rates for the same data set. 


The issuer default rate is the number of issuers that defaulted over a year divided by the 
total number of issuers at the beginning of the year. It is only a proportion of the number of 
issuers who do fulfill their obligations and does not include a measure of the dollar amount 
involved. 


The dollar default rate is the par value of all bonds that defaulted in a given calendar year 


divided by the total par value of all bonds outstanding during the year. Over a multi-year 
period, often-used measures are ratios of cumulative dollar value of all defaulted bonds 
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divided by some weighted-average measure of all bonds issued. One such measure attempts 
to weight the bonds outstanding by the number of years they are in the market: 


cumulative dollar value of all defaulted bonds 


(cumulative dollar value of all issuance) x (weighted average # of years outstanding) 


Another measure simply takes a raw total as shown in the following equation: 


cumulative dollar value of all defaulted bonds 


cumulative dollar value of all issuance 


RECOVERY RATE 


AIM 35.11: Define recovery rates and describe the relationship between recovery 
rates and seniority. 


The recovery rate is the amount received as a proportion of the total obligation after a 

bond defaults. Measuring this can be complicated because the value of the total obligation 
requires computing the present value of the remaining cash flows at the time of the default. 
Furthermore, some of the amount that the investor recovers may be in the form of securities 
(e.g., stock in the company). A study by Moody’s estimated that the recovery rate for bonds 
has been about 38%. Bonds with higher seniority will obviously have higher recovery rates. 


Page 180 ©2012 Kaplan, Inc. 


l. 


10. 


ll. 


12. 


13. 


Topic 35 


Cross Reference to GARP Assigned Reading — Fabozzi, Chapter 13 


Key CONCEPTS 


A bond indenture sets forth the obligations of the issuer. The trustee interprets the 
legal language of the indenture and works to make sure the issuer fulfills obligations to 


bondholders. 


The bond issuer’s obligations are fulfilled on the maturity date or before. Bonds can be 
retired before that date. 


The main types of interest payment classifications are straight-coupon bonds, zero- 
coupon bonds, and floating-rate bonds. Straight-coupon bonds pay a fixed cash 
coupon periodically. Floating-rate bonds pay a cash amount that varies with market 
rates. Zero-coupon bonds increase in value over the life of the issue. 


There are many variations of the main types of bond structures. For example, deferred- 
interest bonds are a mix of zero-coupon and coupon bonds in that they do not pay cash 
interest in early years and pay a cash coupon in later years. Some bonds have principal 
in one currency and pay coupons in another currency. 


Zero-coupon bonds have low reinvestment risk. The interest is based on the time-to- 
maturity at issuance and the original-issue discount, which is the difference between 
the face value and the offering price. In the case of bankruptcy, the bondholder has a 
claim only equal to the issue price plus accrued interest to that date, and not the full 
face value. 


The holder of a mortgage bond has the first lien on real property owned by the issuer. 


Collateral trust bonds are backed by stocks and bonds that represent claims against the 
subsidiaries of the issuer. The collateral is also called personal property. 


Equipment trust certificates are a form of mortgage bond where the trustee actually 
owns the property and rents it to the bond issuer. The property is often in the form of 
standardized equipment (e.g., rail cars) that is easily sold. 


Debentures are unsecured debt. Owners of debentures have a claim on the company’s 
assets not backing outstanding secured debt. 


Call provisions allow the firm to retire debt early at a given price. Sinking-fund 
provisions require the firm to buy back portions of debt each year. Call provisions are 
generally considered detrimental to bondholders, but sinking-fund provisions may be 


beneficial to bondholders. 


A maintenance and replacement fund helps maintain the financial health of the firm. 
Cash in the fund can be used to retire debt. 


Bond issuers can retire debt through a tender offer. The offer price may either be a 
fixed price or a price that varies with a market rate such as that on comparable Treasury 
securities. 


Credit default risk is the possibility that the issuer does not make the payments 
specified in the indenture. Credit spread risk is the price risk from changes in the 
spread of a bond’s interest rate over the corresponding Treasury rate. 
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14, 


15. 


16. 


17. 


18. 


Event risk is the possibility that a merger, restructuring, acquisition, et cetera, increases 
the risk of the bond by changing the ability of the firm to pay off the bonds. The 
indenture can try to address some of these events, but some can be omitted and lawyers 
can find loopholes around those included. 


High-yield bonds can either be issued by growing, risky firms or established firms with 
senior debt outstanding. High-yield bonds may also be fallen angels (i.e., one-time 
investment grade bonds). 


High-yield bonds may have coupon structures which allow the firm to conserve cash in 
early years, such as: (1) deferred-interest bonds, (2) step-up bonds, and (3) payment-in- 
kind bonds. 


The issuer default rate is a proportion based on the number of issues that default as a 
proportion of all issues. The dollar default rate estimates the dollar amount of defaulted 
bonds compared to the dollar amount of the corresponding population of bonds 
outstanding. 


In the event of default, the recovery rate refers to the amount a bondholder receives 
as a proportion of the amount owed. Bonds with higher seniority usually have higher 
recovery rates. 
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CONCEPT CHECKERS 


Which of the following responsibilities is least likely to be part of the role of a 

corporate trustee in a bond issue? 

A. Interpret the language of the indenture. 

B. Determine the interest rate on a reset bond. 

C. Keep track of the amount of bonds issued by the corporation. 

D. Monitor the corporation’s activities to make sure the corporation abides by the 
indenture’s covenants. 


In bankruptcy, the holder of a zero-coupon bond obligation of the bankrupt 
corporation would have a claim equal to: 

A. the face value of the bond. 

B. the issuing price of the bond only. 

C. the issuing price plus accrued interest. 

D. nothing, since zeros are always unsecured. 


All other things being equal, which of the following types of bond instruments 
would have the lowest interest rate? 

A. Equipment trust certificates. 

B. Mortgage bonds. 

C. Junior debentures. 

D. Senior debentures. 


Which of the following methods for retiring bonds before maturity is generally 
considered the most detrimental for the bondholders? 

A. Tender offers. 

B. Call provision. 

C. Sinking fund provision. 


D. Maintenance and replacement funds. 


With respect to default risk and credit spread risk, the ratings of bond-rating 
agencies such as Moody’s provide information concerning: 

default risk only. 

B. credit spread risk only. 

C. both default risk and credit spread risk. 

D. neither default risk nor credit spread risk. 


> 
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CONCEPT CHECKER ANSWERS 


1. B Investment banks other than the trustee set the rate on a reset bond. 


2. C The claim equals the value at that point in time as implied by the issuing price, the 
original-issue discount, and accrued interest. 


3. A ETCs, or equipment trust certificates, are generally the most secure because the underlying 
assets are actually owned by the trustee and rented to the borrower. Also, the assets are 
usually standardized for easy resale. 


4. B The call provision gives the issuer the right to purchase the bonds at a given price, which the 
issuer would not do unless that price was below the market price. Sinking fund provisions 
can benefit bondholders because the issuer is obligated to purchase bonds, which improves 
the creditworthiness of the issue, and the issuer may have to do so at a price higher than the 
market price. There are no features in M&R funds or tender offers that would be detrimental 


to bondholders. 


5. A Bond rating agencies issue ratings based on the default risk of the issue. Credit spread risk is 
determined by spread duration. 
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An investor enters a short position in a gold futures contract at $318.60. Each 
futures contract controls 100 troy ounces. The initial margin is $5,000 and the 
maintenance margin is $4,000. At the end of the first day the futures price rises to 
$329.22. Which of the following is the amount of the variation margin at the end of 


the first day? 
A. $0. 

B. $62. 

C. $1,000. 
D. $1,062. 


A large-cap U.S. equity portfolio manager is concerned about near-term market 
conditions and wishes to reduce the systematic risk of her portfolio from 1.2 to 
0.90. Her portfolio value is $56 million, and the S&P 500 futures index is currently 
trading at 1,050 and has a multiplier of 250. How can the portfolio manager’s 
objective be achieved? 

A. Sell 47 contracts. 

B. Buy 47 contracts. 

C. Sell 64 contracts. 

D. Buy 64 contracts. 


Suppose you observe a 1-year (zero-coupon) Treasury security trading at a yield to 
maturity of 5% (price of 95.2381% of par). You also observe a 2-year T-note with a 
6% coupon trading at a yield to maturity of 5.5% (price of 100.9232). And, finally, 
you observe a 3-year T-note with a 7% coupon trading at a yield to maturity of 
6.0% (price of 102.6730). Assume annual coupon payments. Use the bootstrapping 
method to determine the 2-year and 3-year spot rates. 


2-year spot rate 3-year spot rate 


A. 5.51% 5.92% 
B. 5.46% 5.92% 
C. 5.51% 6.05% 
D. 5.46% 6.05% 


Former Treasury Secretary Robert Rubin decided to stop issuing 30-year Treasury 

bonds in 2001 and to replace them by borrowing more with shorter-maturity 

Treasury bills and notes (although the U.S. Treasury has since resumed issuing 

30-year bonds). Which of the following statements concerning this decision is most 

accurate? 

A. Ifthe pure expectations hypothesis of the term structure is correct, this decision 
will reduce the government's borrowing cost. 

B. Ifthe liquidity theory of the term structure is correct, this decision will reduce 
the government's borrowing cost. 

C. If the liquidity theory of the term structure is correct, this decision will not 
change the government’s borrowing cost. 

D. Ifthe pure expectations hypothesis of the term structure is correct, this decision 
will increase the government’s borrowing cost. 
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5. A portfolio manager owns Macrogrow, Inc., which is currently trading at $35 per 
share. She plans to sell the stock in 120 days but is concerned about a possible price 
decline. She decides to take a short position in a 120-day forward contract on the 
stock. The stock will pay a $0.50 per share dividend in 35 days and $0.50 again in 
125 days. The risk-free rate is 4%. The value of the trader's position in the forward 
contract in 45 days, assuming in 45 days the stock price is $27.50 and the risk-free 
rate has not changed, is closest to: 


A. $7.17. 
B. $7.50. 
C. $7.92. 
D. $7.00. 
6. A 6-month futures contract on an equity index is currently priced at 1,276. The 


underlying index stocks are valued at 1,250 and pay dividends at a continuously 
compounded rate of 1.70%. The current continuously compounded risk-free rate is 
5%. The potential arbitrage is closest to: 


A. 5.20. 
B. 8.32. 
C. 16.58. 
D. 26.00. 
7. All things being equal, which of the following statements would increase the value of 


a European put option on a nondividend paying stock? 


I. A decrease in the risk-free rate over the life of the option. 
II. An increase in the time to expiration of the option. 


A. Ionly. 

B. I only. 

C. Both I and II. 
D. Neither I nor II. 


Use the following information to answer Questions 8 and 9. 


Stock ABC trades for $60 and has 1-year call and put options written on it with an 
exercise price of $60. The annual standard deviation estimate is 10%, and the 
continuously compounded risk-free rate is 5%. The value of the call is $4.09. 


Chefron, Inc. common stock trades for $60 and has a 1-year call option written on it with 
an exercise price of $60. The annual standard deviation estimate is 10%, the continuous 
dividend yield is 1.4%, and the continuously compounded risk-free rate is 5%. 


8. The value of the put on ABC stock is closest to: 
A. $1.16. 
B. $3.28. 
C. $4.09. 
D. $1.00. 
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The value of the call on Chefron stock is closest to: 


A. $3.51. 
B. $4.16. 
C. $5.61. 
D. $6.53. 


One of your clients, Christopher Stachowski, realizes that the market prices of 
options must take into account the beliefs of the market participants. He thinks 

he will be able to make significant profits because he believes that there will be 

a large movement in the direction of stock prices but is unsure which direction. 
Such a belief is completely different from the other market participants. As a result, 
Christopher would like you to implement an options trading strategy to generate 
him those profits. Which of the following combination option strategies is likely to 
benefit the least amount from a large positive or negative movement in the price of 
the underlying? 


A. Strip. 
B. Strap. 
C. Collar. 


D. Long strangle. 


You are a portfolio manager and have just been asked by one of your junior 
colleagues to discuss the replication of specific payoffs using synthetic instruments. 
She begins by asking you how to replicate the payoff diagram for a short put 
position. Such a position could be replicated using which of the following strategies? 
A. Covered call. 

B. Bear put spread. 

C. Protective put. 

D. Bull call spread. 


Consider a bearish option strategy of buying one $50 put for $7, selling two $42 
puts for $4 each, and buying one $37 put for $2. All the options have the same 
maturity. Calculate the final profit per share of the strategy if the underlying is 
trading at $33 at expiration. 

A. $1 per share. 

B. $2 per share. 

C. $3 per share. 

D. $4 per share. 


Suppose the spot rate is 0.7102 USD/CHE Swiss and U.S. interest rates are 7.6% 
and 5.2%, respectively. If the 1-year forward rate is 0.7200 USD/CHF , an investor 
could: 

A. not earn arbitrage profits. 

B. earn arbitrage profits by investing in USD. 

C. earn arbitrage profits by investing in CHF. 
D 


. only earn arbitrage profits by investing in a third currency. 
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14. Consider a U.K.-based company that exports goods to the EU. The U.K. company 
expects to receive payment on a shipment of goods in 60 days. Because the payment 
will be in euros, the U.K. company wants to hedge against a decline in the value of 
the euro against the pound over the next 60 days. The U.K. risk-free rate is 3% and 
the EU risk-free rate is 4%. No change is expected in these rates over the next 60 
days. The current spot rate is 0.9230 £ per €. To hedge the currency risk, the U.K. 
company should take a short position in a Euro contract at a forward price of: 


A. 0.9205. 
B. 0.9215. 
C. 0.9244. 
D. 0.9141. 
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1. D The short position loses when the price rises. 
($329.22 — $318.60) x 100 = 1,062 loss 
Margin account will change as follows: $5,000 — $1,062 = $3,938 
Variation margin of $1,062 is required because the balance has fallen below the maintenance 
margin level. This variation margin payment is required in order to restore the account back 


to the initial level. 


(See Topic 24) 


N 
O 


The portfolio manager wants to reduce exposure to systematic risk so she will want to sell 
S&P index futures. This will reduce the current beta to her target beta of 0.90. 


number of contracts = (target beta — current beta) x (portfolio value / futures value) 
number of contracts = (0.9 — 1.2) x [$56 million / (1,050 x 250)] 

number of contracts = —64 (i.e., sell 64 contracts) 

(See Topic 25) 


3. C Here are the cash flows associated with the three bonds: 


0 1 2 3 
a a 
l-year -$95.2381 +$100 
2-year —$100.9232 +$6 +$106 
3-year —$102.6730 +$7 +$7 +$107 


To find Z,, the 2-year spot rate: 


$100.9232 = 26 106 _ => Z, =5.51% 


1.05'  (14+Z,)° 


To find Z}, the 3-year spot rate: 


S107 67302 ee NY 5 => Zs = 6.05% 


1.05' 1.0551? (1+Z,) 


(See Topic 26) 
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If the pure expectations hypothesis of the term structure is correct, altering the maturity of 
the government’s borrowing will not affect the government's borrowing cost (i.e., borrowing 
once for 30 years is the same as borrowing 30 times for one year at a time). If the liquidity 
theory is correct, the government’s borrowing cost will go down, as it no longer has to 
compensate lenders with the liquidity premium for borrowing long term. 


(See Topic 26) 


The dividend in 125 days is irrelevant because it occurs after the forward contract matures. 


$0.50 


FP = ($35 —$0.4981) x 1.0477 = $34.95 


$34.95 


Vs (short position) = —| $27.50 1047S 


= $7.17 


(See Topic 27) 


F=S~x eltisk-free rate — dividend yield) x t 
F = 1,250 x e(0-05 ~ 0.017) x 0.5 
F = 1,270.80 


The actual futures price is 1,276, so selling the futures and buying the underlying index nets 
a profit of 1,276 — 1,270.80 = 5.20. 


(See Topic 27) 


As the risk-free rate decreases (increases), the value of a European put option increases 
(decreases). Therefore, there is an inverse relationship between the value of a European put 
option and the risk-free rate. The opposite relationship exists for European call options. 


For a nondividend paying stock, the value of a European put option would not be affected 
by the time to expiration since the option may only be exercised on the expiration date. Had 
it been a dividend paying stock, and there was a dividend paid during the life of the option, 
the value of the underlying stock would decrease and, therefore, the value of the put would 
increase. Also, had it been an American put option, increasing the time to expiration would 
increase the value of the option since the additional time increases the likelihood of the 
option being in the money. 


(See Topic 30) 


According to put/call parity, the purs value is: 


f \ 
po == S04 [x x ere | = $4.09 — $60.00 +/$60.00 x e~% x 1-0)| = $1.16 


(See Topic 30) 

ABC and Chefron stock are identical in all respects except Chefron pays a dividend. 
Therefore, the call option on Chefron stock must be worth less than the call on ABC 
(i.e., less than $4.09). $3.51 is the only possible answer. 

(See Topic 30) 
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10. C A collar is the combination of a protective put and a covered call. Ignoring transaction costs, 
at levels below the put strike price or above the call strike price, the profit from a collar levels 
off. Between the put strike price and the call strike price, the profit level is gradually rising. 


(See Topic 31) 


11. A Ignoring transaction costs, a short put results in a payoff diagram where there are losses to 
the writer when the price of the underlying is below the strike price and no losses/gains when 
the price of the underlying is above the strike price. 


Similarly, a covered call (long underlying, short call) results in the same payoff diagram as 
above. There would obviously be losses on the long position at prices below the strike price. 
And there would be no losses/gains at prices above the strike price because the option holder 
will likely exercise the option and the option writer will have to liquidate the long position of 
the underlying at the strike price. 


(See Topic 31) 


12. B Consider each option separately: 


$50 long put: $50 ~ $33 = +$17 

$42 short put: $42 — $33 =-$9 x 2 = -$18 
$37 long put: $37 — $33 = +$4 

Net cost of options: (-7 + 8-2) =-$1 


Overall profit per share: $2 per share 
(See Topic 31) 


13. C Note that while the USD has the lower interest rate, it is also trading at a forward discount 
relative to the CHE Since the USD will earn less interest and depreciate in value, we 
definitely want to invest in CHF (not in USD), and no calculation is necessary. 


As an illustration of covered interest arbitrage, we have: 


(1+ Rg ) (forward rate) 


spot rate 


(l+R,)< 


(1.076)(0.72) 
0.7102 


1.052 < = 1.0908 


Today: 

(1) Borrow USD] at 5.2% and purchase CHF at $0.7102 to get $1 / 0.7102 = 1.408 
CHF at spot rate. 

(2) Lend the purchased CHF at 7.6% and sell forward 1.5150 CHF at the forward rate 
of 0.7200 USD/CHE 


In one year: 

(1) Use the proceeds of the savings account [(1.408)(1.076) = 1.5150 CHF] to purchase 
USD1.0908 at the forward rate (1.515 CHF x 0.72 USD/CHF). 

(2) Pay off the loan of USD1 x 1.052 = USD1.052 and earn a riskless profit = 
USD 1.0908 — USD 1.052 = USD0.0388. 


(See Topic 34) 
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14. B The U.K. company will be receiving euros in 60 days, so it should short the 60-day forward 


on the euro as a hedge. The no-arbitrage forward price is: 


1.036365 


Er = £0.923x- 


(See Topic 34) 
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Financial Markets and Products 


Professor’s Note: The following questions are from the 2008-2011 GARP FRM 
Practice Exams. 


1. Alan bought a futures contract on a commodity on the New York Commodity 
Exchange on June 1. The futures price was USD 500 per unit and the contract size 
was 100 units per contract. Alan set up a margin account with initial margin of 
USD 2,000 per contract and maintenance margin of USD 1,000 per contract. The 
futures price of the commodity varied as shown below. What was the balance in 
Alan’s margin account at the end of day on June 5? 

Day Futures Price (USD) 
June 1 497.30 
June 2 492.70 
June 3 484.20 
June 4 471.70 
June 5 468.80 
A. -USD 1,120 
B. USDO 
C. USD 880 
D. USD 1,710 
Z. In late June, Simon purchased two September silver futures contracts. Each contract 


size is 5,000 ounces of silver and the futures price on the date of purchase was 

USD 18.62 per ounce. The broker requires an initial margin of USD 6,000 and a 
maintenance margin of USD 4,500. You are given the following price history for the 
September silver futures: 


Day Futures Price (USD) Daily Gain (loss) 
June 29 18.62 0 
June 30 18.69 700 
July 1 18.03 -6,600 
July 2 17.72 -3,100 
July 6 18.00 2,800 
July 7 17.70 i -3,000 
July 8 17.60 -1,000 


On which days did Simon receive a margin call? 
July 1 only 

July 1 and July 2 only 

. July 1, July 2 and July 7 only 

. July 1, July 2 and July 8 only 


COPS 
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Which of the following statements about basis risk is incorrect? 

A. An airline company hedging exposure to a rise in jet fuel prices with heating oil 
futures contracts may face basis risk. 

B. Choices left to the seller about the physical settlement of the futures contract 
in terms of grade of the commodity, location, chemical attributes may result in 
basis risk. 

C. Basis risk exists when futures and spot prices change by the same amount over 
time and converge at maturity of the futures contract. 

D. Basis risk is zero when variances of both the futures and spot process are 
identical and the correlation coefficient between spot and futures prices is equal 
to one. 


On Nov 1, Jimmy Walton, a fund manager of an USD 60 million US medium- 
to-large cap equity portfolio, considers locking up the profit from the recent rally. 
The S&P 500 index and its futures with the multiplier of 250 are trading at USD 
900 and USD 910, respectively. Instead of selling off his holdings, he would rather 
hedge two-thirds of his market exposure over the remaining 2 months. Given that 
the correlation between Jimmy’s portfolio and the S&P 500 index futures is 0.89 
and the volatilities of the equity fund and the futures are 0.51 and 0.48 per year 
respectively, what position should he take to achieve his objective? 

A. Sell 250 futures contracts of S&P 500 

B. Sell 169 futures contracts of S&P 500 

C. Sell 167 futures contracts of S&P 500 

D. Sell 148 futures contracts of S&P 500 


Which of the following is not a source of basis risk when using futures contracts for 

hedging? 

A. Differences between the asset whose price is being hedged and the asset 
underlying the futures contract. 

B. Uncertainty about the exact date when the asset being hedged will be bought or 
sold. 

C. The inability of managers to forecast the price of the underlying. 

D. The need to close the futures contract before its delivery date. 


On Nov 1, Dane Hudson, a fund manager of an USD 50 million US large cap 
equity portfolio, considers locking up the profit from the recent rally. The S&P 500 
index and its futures with the multiplier of 250 are trading at USD 1,000 and USD 
1,100, respectively. Instead of selling off hls holdings he would rather hedge his 
market exposure over the remaining 2 months. Given that the correlation between 
Dane’s portfolio and the S&P 500 index futures is 0.92 and the volatilities of the 
equity fund and the futures are 0.55 and 0.45 per year respectively, what position 
should he take to achieve his objective? 

A. Sell 40 futures contracts of S&P 500 

B. Sell 135 futures contracts of S&P 500 

C. Sell 205 futures contracts of S&P 500 

D. Sell 355 futures contracts of S&P 500 
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A stock index is valued at USD 800 and pays a continuous dividend at the rate 

of 3% per year. The 6-month futures contract on that index is trading at USD 
758. The continuously compounded risk free rate is 2.5% per year. There are no 
transaction costs or taxes. Is the futures contract priced so that there is an arbitrage 
opportunity? If yes, which of the following numbers comes closest to the arbitrage 
profit you could realize by taking a position in one futures contract? 


A. 38 
B. 40 
C. 42 


D. There is no arbitrage opportunity. 


The yield curve is upward sloping. You have a short T-Bond interest rate futures 
position. The following bonds are eligible for delivery: 


Bonds Spot-Price (USD) Conversion Factor Coupon Rate 
A 102.44 0.98 4% 
B 106.59 1.03 5% 
C 98.38 0.95 3% 


The futures price is 103 17/32 and the maturity date of the contract is September 1. 
The bonds pay their coupon amount semi-annually on June 30 and December 31. 
With these data, the cheapest-to-deliver bond is: 


A. BondA 
B. Bond B 
C. Bond C 


D. Insufficient information to determine. 


The yield curve is upward sloping. You have a short T-Bond interest rate futures 
position. The following bonds are eligible for delivery: 


Bonds Spot-Price (USD) Conversion Factor Coupon Rate 
A 102.40 0.8 4% 
B 100.40 1.5 5% 
C 99.60 1.1 3% 


The futures price is USD 104 and the maturity date of the contract is September 1. 
The bonds pay their coupon amount semi-annually on June 30 and December 31. 
With these data, which bond is cheapest-to-deliver? 


A. BondA 
B. Bond B 
C. Bond C 
D. Insufficient information to determine. 
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10. A bank had entered into a 3-year interest rate swap for a notional amount of USD 
300 million, paying a fixed rate of 7.5% per year and receiving LIBOR annually. 
Just after the payment was made at the end of the first year, the continuously 
compounded 1-year and 2-year annualized LIBOR rates were 7% per year and 8% 
per year, respectively. The value of the swap at that time was closest to which of the 
following choices? 
A. USD -14 million 
B. USD — million 
C. USD 4 million 
D. USD 14 million 


11. On the OTC market there are two options available on Microsoft stock: a European 
put with premium of USD 2.25 and an American call option with premium of USD 
0.46. Both options have a strike price of USD 24 and an expiration date 3 months 
from now. Microsoft’s stock price is currently at USD 22 and no dividend is due 
during the next 6 months. Assuming that there is no arbitrage opportunity, which of 
the following choices is closest to the level of the risk-free rate: 


A. 0.25% 
B. 1.76% 
C. 3.52% 


D. Insufficient information to determine. 


12. A stock is trading at USD 100. A box spread with 1 year to expiration and strikes 
at USD 120 and USD 150 is trading at USD 20. The price of a 1-year European 
call option with strike USD 120 is USD 5 and the price of a European put option 
with same strike and expiration is USD 25. What strategy exploits an arbitrage 
opportunity, if any? 

A. Short one put, short one unit of spot, buy one call, and buy six units 


box-spread. 

B. Buy one put, short one unit of spot, short one call, and buy four units of 
box-spread. 

C. Buy one put, buy one unit of spot, short one call, and short six units of 
box-spread. 


D. There are no arbitrage opportunities. 


13. On March 13, 2008, William Tell, a fund manager for the Rossini fund, takes a 
short position in the March Treasury bond (T-bond) futures contract. He plans 
to deliver the cheapest-to-deliver Treasury bond with a coupon of 4.5% payable 
semiannually on May 15 and November 15 (182 days between), a conversion factor 
of 1.3256, and a face value of USD 100,000. The delivery date is Friday, March 15 
(121 days after November 15 coupon payment date). The settlement price for the 
cheapest-to-deliver Treasury bond on March 13 is 68 2/32. Which of the following 
is the best estimate of the invoice price? 
A. USD 90,118.87 
B. USD 91,719.53 
C. USD 92,367.75 
D. USD 95,619.47 
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Nicholas is responsible for the asset and liability management of JerseyBeech Bank, 
a small retail bank with USD 300 million in interest-bearing assets that yield 
approximately 70 bp above LIBOR. The duration of the interest-bearing assets is 
2.5 years. Due to the recent financial turmoil, the bank seeks to reduce potential 
negative impacts on earnings from adverse moves in interest rates. Thus, the bank 
decides to hedge 50% of its interest rate exposures using Treasury bond futures. 
Nicholas decides to use September T-bond futures that trade at 106-22 and will 
mature in three months; the cheapest-to-deliver bond associated with this contract 
is a 7-year, 10% coupon, with a current duration of 5 years. At the maturity of 

the futures contract, the duration of the bank's interest rate sensitive assets will not 
change; however, the duration of the cheapest-to-deliver bond will fall to 4.9. How 
many contracts should Nicholas buy or sell? 

A. Buy 703 contracts. 

B. Sell 703 contracts. 

C. Buy 717 contracts. 

D. Sell 717 contracts. 


The yield curve is upward sloping, and a portfolio manager has a long position 

in 10-year Treasury Notes funded through overnight repurchase agreements. The 
risk manager is concerned with the risk that market rates may increase further and 
reduce the market value of the position. What hedge could be put on to reduce the 
positions exposure to rising rates? 

A. Enter into a 10-year pay fixed and receive floating interest rate swap. 

B. Enter into a 10-year receive fixed and pay floating interest rate swap. 

C. Establish a long position in 10-year Treasury Note futures. 

D. Buy a call option on 10-year Treasury Note futures. 


The current price of stock ABC is USD 42 and the call option with a strike at USD 
44 is trading at USD 3. Expiration is in one year. The put option with the same 
exercise price and same expiration date is priced at USD 2. Assume that the annual 
risk-free rate is 10% and that there is a risk-free bond paying the risk-free rate that 
can be shorted costlessly. There are no transaction costs. Which of the following 
trading strategies will result in arbitrage profits? 
Long position in both the call option and the stock, and short position in the 
put option and risk-free bond. 
B. Long position in both the call option and the put option, and short position in 
the stock and risk-free bond. 
C. Long position in both the call option and risk-free bond, and short position in 
the stock and the put option. 
D. Long position in both the put option and the risk-free bond, and short position 
in the stock and the call option. 
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17. 


18. 


19. 


20. 


Which of the following statements are correct about the early exercise of American 


options? 
I. It is never optimal to exercise an American call option on a non-dividend- 
paying stock before the expiration date. 
II. It can be optimal to exercise an American put option on a non-dividend-paying 
stock early. 
III. It can be optimal to exercise an American call option on a non-dividend-paying 
stock early. 
IV. It is never To to exercise an American put option on a non-dividend- 
paying stocki before the expiration date. 
A. land II 
B. Iand IV 
C. ILand II 
D. II and IV. 


Which one of the following four trading strategies limits the investor’s upside 
potential and downside risk? 


A. 
B. 
C. 


D. 


A long position in a put combined with a long position in a stock. 

A short position in a put combined with a short position in a stock. 
Buying a call option on a stock with a certain strike price and selling a call 
option on the same stock with a higher strike price and the same expiration 
date. 

Buying a call and a put with the same strike price and expiration date. 


The current spot price of cotton is USD 0.7409 per pound. The cost of storing and 
insuring cotton is USD 0.0042 per pound per month payable at the beginning of 
every month. The risk-free rate is 5%. A 3-month forward contract trades at USD 
0.7415 per pound. If there is an arbitrage opportunity, how would you capitalize on 
it to make a profit? Assume there are no restrictions on short selling cotton. 


et 


V. 
VI. 
A. 
B. 
C 


D. 


Short the futures contract 
Borrow at the risk-free rate 
Buy cotton at the spot price 
Go long in the futures contract 
Invest at the risk-free rate 

Sell cotton at the spot price 


There is no arbitrage opportunity here. 
The arbitrage opportunity involves I, II, and II. 


. The arbitrage opportunity involves IV, V, and VI. 


The arbitrage opportunity involves II, IV, and VI. 


If the lease rate of commodity A is less than the risk-free rate, what is the market 
structure of commodity A? 


A. 


B. 
C. 
D. 


Backwardation 
Contango 

Flat 

Inversion 
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Basis risk is a common problem faced by hedgers because the underlying and the 
hedging instrument may not always move in perfect correlation. Which of the 
following strategies has the least basis risk? 

A. Straddle strategy 

B. Hedging individual equities using index futures 

C. Stack and roll strategy 

D. Delta hedging strategy 


A firm is going to buy 10,000 barrels of West Texas Crude Oil. It plans to hedge 
the purchase using the Brent Crude futures contract. The correlation between the 
spot and futures prices is 0.72. The volatility of the spot price is 0.35 per year. The 
volatility of the Brent Crude futures price is 0.27 per year. What is the hedge ratio 
for the firm? 


A. 0.5554 
B. 0.9333 
C. 1.2099 
D. 0.8198 


The current value of the S&P 500 index is 1457, and each S&P futures contract is 
for delivery of USD 250 times the index. A long-only equity portfolio with market 
value of USD 300,100,000 has beta of 1.1. To reduce the portfolio beta to 0.75, 
how many S&P futures contracts should you sell? 

A. 618 contracts 

B. 288 contracts 

C. 574 contracts 

D. 906 contracts 


A 3 month futures contract on an equity index is currently priced at USD 1000, the 
underlying index stocks are valued at USD 990 and pay dividends at a continuously- 
compounded rate of 2 percent and the current continuously compounded risk-free 
rate is 4 percent. The potential arbitrage profit per contract, given this set of data, is 


closest to: 

A. USD 10.00 
B. USD 7.50 
C. USD 5.00 
D. USD 1.50 


It is June 2nd and a fund manager with USD 10 million invested in government 
bonds is concerned that interest rates will be highly volatile over the next three 
months. The manager decides to use the September Treasury bond futures contract 
to hedge the value of the portfolio. The current futures price is 95.0625. Each 
contract is for the delivery of USD 100,000 face value of bonds. The duration of 
the manager’s bond portfolio in three months will be 7.8 years. The cheapest to 
deliver bond in the Treasury bond futures contract is expected to have a duration of 
8.4 years at maturity of the contract. At the maturity of the Treasury bond futures 
contract, the duration of the underlying benchmark Treasury bond is 9 years. 
What position should the fund manager undertake to mitigate his interest rate risk 
exposure? 

A. Short 94 contracts 

B. Short 98 contracts 

C. Short 105 contracts 

D. Short 113 contracts 
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26. 


27. 


28. 


29. 


30. 


Consider an FRA (forward rate agreement) with the same maturity and 
compounding frequency as a Eurodollar futures contract. The FRA has a LIBOR 
underlying. Which of the following statements are true about the relationship 
between the forward rate and the futures rate? 

A. They should be exactly the same 

B. The forward rate is normally higher than the futures rate 

C. The forward rate is normally lower than the futures rate 

D. They have no fixed relationship 


To hedge against future, unanticipated, and significant increases in borrowing rates, 
which of the following alternatives offers the greatest flexibility for the borrower? 
A. Fixed for floating swap 

B. Interest rate collar 

C. Interest rate floor 

D. Call swaption 


According to put-call parity, buying a put option on a stock is equivalent to: 

A. buying a call option and buying the stock with funds borrowed at the risk-free 

B. selling a call option and buying the stock with funds borrowed at the risk-free 

C. >r a call option, selling the stock and investing the proceeds at the risk-free 

D. selling a call option, selling the stock and investing the proceeds at the risk-free 
rate. 


Your bank is an active player in the commodity market. The view of the economist 

of the bank is that inflation is expected to rise moderately in the near term and 

market volatility is expected to remain low. The traders are advised to undertake 

deals on the metals exchange to align your book to conform with the expectations of 

the economist of the bank. As risk manager, you are asked to monitor the positions 

of the traders to make sure that they have the exposures to inflation and market 

volatility sought by the bank. Which trader has taken an appropriate position among 

the traders you are monitoring? 

A. Trader A bought a call and a put, both with 90-days to expiration and with 
strike price equal to the existing spot level 

B. Trader B bought a put option with a down-and-in knock in feature 

C. Trader C bought a call option at the existing spot levels and sold a call at a 
higher strike price, both with 90-days to expiration 

D. Trader D sold a call and bought a put at the existing levels, both with 90-days to 
expiration 


An investor sells a June 2008 call of ABC Limited with a strike price of USD 45 for 
USD 3 and buys a June 2008 call of ABC Limited with a strike price of USD 40 
for USD 5. What is the name of this strategy and the maximum profit and loss the 
investor could incur? 

A. Bear Spread, Maximum Loss USD 2, Maximum Profit USD 3 

B. Bull Spread, Maximum Loss Unlimited, Maximum Profit USD 3 

C. Bear Spread, Maximum Loss USD 2, Maximum Profit Unlimited 

D. Bull Spread, Maximum Loss USD 2, Maximum Profit USD 3 


©2012 Kaplan, Inc. 


31. 


32. 


33. 


34. 


35. 


Book 3 
GARP FRM Practice Exam Questions 


Research and model projections indicate that a specific event is likely to move 

the CHF against the USD. While the direction of the move is highly uncertain, 

it is highly likely that magnitude of the move will be significant. Based on this 

information, which of the following strategies would provide the largest economic 

benefit? 

A. Longa call option on USD/CHF and short a put option on USD/CHF with 
the same strike price and expiration date 

B. Long a call option on USD/CHF and long a put option on USD/CHF with the 
same strike price and expiration date 

C. Short a call option on USD/CHF and long a put option on USD/CHF with the 
same strike price and expiration date 

D. Short a call option on USD/CHF and short a put option on USD/CHF with 
the same strike price and expiration date 


Which of the following strategies creates a calendar spread? 

A. Sell a call option with a certain strike price and buy a longer maturity call option 
with the same strike price 

B. Buy a call option with a certain strike price and buy a longer maturity call 
option with the same strike price 

C. Sell a call option with a certain strike price and buy a shorter maturity call 
option with the same strike price 

D. Buy a call option with a certain strike price and sell a longer maturity call option 
with the same strike price 


If the gold lease rate is higher than the risk-free rate, what is the market structure of 
the forward market for gold? 

A. Contango 

B. Backwardation 

C. Inversion 

D. Need more information to determine 


Given the following explanation of supply and demand for commodity product A 
how would you best describe its forward price curve from June to December? 


Market description Explanation 
A. Backwardation Excess demand for A in early summer 
B. Backwardation Supply is expected to decline after summer 
C. Contango Excess demand for A in early summer 
D. Contango Supply is expected to decline after summer 


What is the annualized rate of return earned on a cash-and-carry trade entered into 
in March and closed out in June? 


A. 8.9% 
B. 9.8% 
C. 35.7% 
D. 39.1% 
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36. Which of the following trade(s) contain basis risk? 


I. Long 1,000 lots Nov 07 ICE Brent Oil contracts and short 1,000 lots Nov 07 

NYMEX WTI Crude Oil contracts 

II. Long 1,000 lots Nov 07 ICE Brent Oil contracts and long 2,000 lots Nov 07 
ICE Brent Oil at-the-money puts 

III. Long 1,000 lots Nov 07 ICE Brent Oil contracts and short 1,000 lots Dec 07 
ICE Brent Oil contracts 

IV. Long 1,000 lots Nov 07 ICE Brent Oil contracts and short 1,000 lots Dec 07 
NYMEX WTI Crude Oil contracts 


A. Tand II 
cere ByHEand BV = sre o 
C. IH and IV 


D. I, Il, and IV 


37. Consider a 6-month futures contract on the S&P 500, and suppose the current value 
of the index is 1330. Suppose the dividend yield is 1.5% annually for the stocks 
underlying the index, and that the continuously compounded risk-free interest rate 
is 5.5% annually. What is the cost of carry for this futures contract? 

A. 4.0% 
B. —4.0% 
C. 2.0% 
D. -2.0% 


38. You have entered into a currency swap in which you receive 4% per annum in yen 
and pay 6% per annum in dollars once a year. The principals in the two currencies 
are 100 million yen and 10 million dollar. The swap will last for another two years, 
and the current exchange rate is 115 yen for 1 dollar. Suppose that the annualized 
spot rates (with continuous compounding) are given as in the table below, what is 
the value of the swap to you in million dollars? 


O Professors Note: According to the answer and the 115 yen per dollar exchange rate, 
the notional principal in yen should actually be 1 billion yen, not 100 million yen. 


1 Year 2 Year 


Japan 2.00% 2.50% 
United States 4.50% 4.75% 
A. -1.270 

B. —0.447 

C. 0.447 

D. 1.270 
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You are given the following information about an interest rate swap: 
e 2-year term. 

e Semi-annual payment. 

e Fixed rate = 6%. 

e Floating rate = LIBOR + 50 basis points. 

e Notional principal = USD10 million. 


Calculate the net coupon exchange for the first period if LIBOR is 5% at the 
beginning of the period and 5.5% at the end of the period. 

A. Fixed rate payer pays USD 0 

B. Fixed rate payer pays USD 25,000 

C. Fixed rate payer pays USD 50,000 

D. Fixed rate payer receives USD 25,000 


Which of the following statements about American options is false? 

A. American options can be exercised at any time until maturity. 

B. American options are always worth at least as much as European options. 
C. American options can easily be valued with Monte Carlo simulation. 

D. American options can be valued with binomial trees. 


Which of the following factors will not necessarily increase the price of a European 
call option on a dividend paying stock as this factor increases in value? 

A. The risk free rate 

B. The stock price 

C. The time to expiration 


D. The volatility of the stock price 


An American investor holds a portfolio of French stocks. The market value of 

the portfolio is €10 million, with a beta of 1.35 relative to the CAC index. In 
November, the spot value of the CAC index is 4,750. The exchange rate is USD 
1.25/€. The dividend yield, euro interest rates, and dollar interest rates are all equal 
to 4%. Which of the following option strategies would be most appropriate to 
protect the portfolio against a decline of the euro that week? 


March Euro options (all prices in US dollars per €) 


Strike Call euro Put euro 
1.25 0.018 0.022 


A. Buy calls with a premium of USD 180,000 
B. Buy puts with a premium of USD 220,000 
C. Sell calls with a premium of USD 180,000 
D. Sell puts with a premium of USD 220,000 


A portfolio manager wants to hedge his bond portfolio against changes in interest 
rates. He intends to buy a put option with a strike price below the portfolio’s current 
price in order to protect against rising interest rates. He also wants to sell a call 
option with a strike price above the portfolio’s current price in order to reduce the 
cost of buying the put option. What strategy is the manager using? 

A. Bear spread 

B. Strangle 

C. Collar 

D. Straddle 
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Imagine a stack-and-roll hedge of monthly commodity deliveries that you continue 
for the next five years. Assume the hedge ratio is adjusted to take into effect the 
mistiming of cash flows but is not adjusted for the basis risk of the hedge. In which 
of the following situations is your calendar basis risk likely to be greatest? 

A. Stack and roll in the front month in oil futures. 

B. Stack and roll in the 12-month contract in natural gas futures. 

C. Stack and roll in the 3-year contract in gold futures. 

D. All four situations will have the same basis risk. 


Which of the following best describes what we would normally expect to see in a 
seasonal agricultural market like wheat? Assume “the harvest” is normal and not 
unusually big or unusually small. Now consider the following statements about the 
market. 
I. Prices fall at the harvest and rise after the harvest. 
II. Prices are constant on average across the year regardless of seasonality. 
III. Prices rise at the harvest and fall afterwards. 
IV. The market is in contango when the harvest comes in. 
V. The market is in backwardation when the harvest comes in. 
VI. Ifthe market goes into contango, it is most likely to do so right before a new 
harvest. 
VII. If the market goes into backwardation, it is most likely to do so right before a 
new harvest. 


Now choose the letter that best describes which of the above statements is true. 
A. land IV are the only true statements. 

B. J, IV, and VI are the only true statements. 

C. IIL, V, and VII are the only true statements. 

D. I, IV, and VII are the only true statements. 
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Question from the 2011 FRM practice exam. 


1. D USD 1,710 


Futures Daily Gain 

Day Price (Loss) 
Junel 497.30 (270) 
June 2 492.70 (460) 
June 3 484.20 (850) 
June 4 471.70 (1250) 
June 5 468.80 (290) 

(See Topic 24) 


Question from the 2011 FRM practice exam. 


2. B July 1 and July 2 only 


Cumulative 
Gain (Loss) 


(270) 
(730) 
(1580) 
(2830) 
(3120) 


Margin 
Account 


Balance Margin Call 
1730 
1270 
420 1580 
750 1250 
1710 


Here is the complete history of the margin account and margin calls: 


Day 
6/29/2010 
6/30/2010 
7/1/2010 
7/2/2010 
7/6/2010 
71712010 
7/8/2010 


Futures 
Price 


18.62 
18.69 
18.03 
17.72 
18.00 
17.70 
17.60 


Daily Gain 
(Loss) 


700 
-6,600 
-3,100 

2,800 
-3,000 
—1,000 


Cumulative 
Gain (Loss) 


700 
-5,900 
-9,000 
-6,200 
-9,200 

—10,200 


Margin calls happened on July 1 and July 2 only. 
(See Topic 24) 
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Margin 

Account 

Balance Margin Call 
6,000 0 
6,700 0 

100 5,900 

2,900 3,100 
8,800 0 
5,800 0 
4,800 0 
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Question from the 2011 FRM practice exam. 
3. C Basis risk exists when futures and spot prices change by the same amount over time and 
converge at maturity of the futures contract. 


Statement a is incorrect: as it is a correct statement: An Airline company hedging jet fuel 
with heating oil futures may face basis risk due to difference in the underlying assets. 


Statement b is incorrect: as it is a correct statement: Optionalities left to the seller at maturity 
gives the seller flexibility resulting in the buyer of the contract facing basis risk. 


Statement c is correct: as it is an incorrect statement: Basis risk exists when futures and 
spot prices do not change by the same amount over time and possibly will not converge at 
maturity of the futures contract. 


Statement d is incorrect: as it is a correct statement: The magnitude of basis risk depends 
mainly on the degree of correlation between cash and futures prices. If the correlation is one 
then by definition there is no basis risk. 


(See Topic 25) 
Question from the 2011 FRM practice exam. 


4. C Sell 167 futures contracts of S&P 500 
The calculation is as follows: Two-thirds of the equity fund is worth USD 40 million. 
The optimal hedge ratio is given by h = 0.89 * 0.51 / 0.48 = 0.945 
The number of futures contracts is given by 
N = 0.945 * 40,000,000 / (910 * 250) = 166.26 ~ 167, round up to nearest integer. 
(See Topic 25) 


Question from the 2011 FRM practice exam. 


5. C The inability of managers to forecast the price of the underlying is an argument for hedging 
but does not increase basis risk. 


(See Topic 25) 
Question from the 2011 FRM practice exam. 


6. C Sell 205 futures contracts of S&P 500 
The calculation is as follows: 
The equity fund is worth USD 50 million. 
The optimal hedge ratio is given by h = 0.92 * 0.55 / 0.45 = 1.124 
The number of futures contracts is given by 
N = 1.124 * 50,000,000 / (1,100 * 250) = 204.36 = 205, round up to nearest integer. 
(See Topic 25) 
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Question from the 2011 FRM practice exam. 


7. B 40 


With the given data, the no-arbitrage futures price should be: 
800 60-025 — 0.03)*0.50 _ 798 


Since the market price of the futures contract is lower than this price there is an arbitrage 
opportunity, the futures contract could be purchased and the index sold. 


Arbitrage profit is 798 — 758 = 40 
(See Topic 27) 


Question from the 2011 FRM practice exam. 


8. B  BondB 


The cheapest to deliver bond on maturity is defined to be the one for which the adjusted 
spot price is the lowest. 


Adjusted spot price = spot price / conversion factor. Computation of adjusted price is shown 
below for each of the bonds: 


Bond A = 102.44 / 0.98 = 104.53% 

Bond B = 106.59 / 1.03 = 103.49% 

Bond C = 98.38 / 0.95 = 103.55% 

So, bond B is the cheapest to deliver bond and option B is correct. 


(See Topic 28) 
Question from the 2011 FRM practice exam. 
9. B BondB 


The cheapest to deliver bond on maturity is defined to be the one for which the adjusted 
spot price is the lowest. 


Adjusted spot price = spot price / conversion factor. Computation of adjusted price is shown 
below for each of the bonds: 


Bond A = 102.4 / 0.8 = 128% 

Bond B = 100.4 / 1.5 = 67% 

Bond C = 99.6/1.1=91% 

So, bond B is the cheapest to deliver bond and option B is correct. 


(See Topic 28) 
Question from the 2011 FRM practice exam. 


10. C USD 4 million 
Fixed rate coupon = USD 300 million x 7.5% = USD 22.5 million 
Value of the fixed payment = Bg, = 22.5e-07) + 322.5eW--08* 2) < USD 295.80 million 


Value of the floating payment = Ba... er USD 300 million. Since the payment has just been 
made the value of the floating rate is equal to the notional amount. 


Value of the swap = Bfoating — Bg, = USD 300 — USD 295.80 = USD 4.2 million 
(See Topic 29) 
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Question from the 2011 FRM practice exam. 


11. C 3.52% 


Due to the fact that the American call option under consideration is on the stock which does 
not pay dividends, its value is equal to the European call option with the same parameters. 
Thus, we can apply put-call parity to determine the level of interest rate. 


C -P =S- Ke~T 

0.46 — 2.25 = 22 — 2460-25 
-23.79 = -2460251 

r = 3.52% 

(See Topic 30) 


Question from the 2011 FRM practice exam. 


12. A Short one put, short one unit of spot, buy one call, and buy six units of box-spread. 


The key concept here is the box-spread. A box-spread with strikes at USD 120 and USD 
150, gives you a pay-off of USD 30 at expiration irrespective of the spot price. 


Now recall the put call parity relation: 


p + S = c + price of zero coupon bond with face value of strike redeeming at the maturity of 
the options 


Since the strike is USD 120, price of a zero coupon bond with face value of USD 120 can be 
expressed as 4 units of box spread. 


Strategy A is correct 


Short one put: +25 

Short one spot: +100 

Buy one call: —5 

Buy six box-spreads: —120 
Net cash flow: 0 


At expiry, if spot is greater than 120, call is exercised and if it is less than 120, put is 
exercised. In either case you end up buying one spot at 120. This can be used to close the 
short position. The six spreads will provide a cash flow of 6*30 = 180. The net profit is 
therefore = 180 — 120 = 60. 


(See Topic 31) 
Question from the 2010 FRM practice exam. 


13. B USD 91,719.53 


The invoice is based on a settlement price of 68 2/32 or 68.0625. The accrued interest is 
calculated on the basis of the number of days since the last coupon payment date, November 
15, and the delivery date, March 15. That is 121. During the current six-month period 
between coupon payment dates, November 15 to May 15, there are 182 days. Thus the 
accrued interest on USD 100,000 face value of the bond is 121/182 * USD 100,000 * 
0.045/2 = USD 1,495.88. 


The invoice price is USD 100,000 * 0.680625 * 1.3256 + USD 1,495.88 = 91,719.53. 
(See Topic 28) 
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Question from the 2010 FRM practice exam. 


14. D Sell 717 contracts. 
Exposure to hedge * Duration of assets to be hedged = 150M * 2.5 = 375M 


Price of futures contract * Duration of futures contract = 106.6875% * 100,000 * 4.9 = 
522,768.75 


717 contracts = 375M / 0.52276875M 


Since he is long in the asset, he should sell 717 contracts. The answer with 703 contracts 
comes from not using the duration at the maturity of the futures contract. 


(See Topic 28) 
Question from the 2010 FRM practice exam. 


15. A Enter into a 10-year pay fixed and receive floating interest rate swap. 


A. Correct. An increase in rates will increase the value of the hedge position and offset the 
loss in value from the bond position. 

B. Incorrect. An increase in rates will decrease the value of the hedge position and add to the 
loss in value from the bond position. 

C. Incorrect. An increase in rates will decrease the value of the futures position and add to 
the loss in value from the bond position. 

D. Incorrect. An increase in rates (all else equal), will decrease the value of the call option 
and add to the loss in value from the bond position. 


(See Topic 29) 
Question from the 2010 FRM practice exam. 


16. C Long position in both the call option and risk-free bond, and short position in the stock and 
the put option. 


A. Incorrect. This would not yield arbitrage profit. 

B. Incorrect. This would not yield arbitrage profit. 

C. Correct. The put call parity relation is: stock + put = pv(strike) + call. 
Therefore for no arbitrage opportunity the following relation should hold 42 + 2 = 
(44/1.10) + 3. But 44 > 43. 
Therefore there is an arbitrage opportunity. The arbitrage profit is 44 — 43 = 1 by taking 
a long position in call and buying the risk-free bond and going short on the stock and the 
put. 

D. Incorrect. This would not yield arbitrage profit. 


(See Topic 30) 
Question from the 2010 FRM practice exam. 


17. A land II 


There are no advantages to exercising early if the investor plans to keep the stock for the 
remaining life of the call option, because the early exercise would sacrifice the interest that 
would be earned if the strike price is paid out later on expiration date after the early exercise, 
the investor may suffer the risk that the stock price will fall below the strike price as the stock 
pays no dividend, the early exercise will earn no income from the stock. So it is never optimal 
to exercise an American call option on a nondividend-paying stock before the expiration 
date. At any given time during its life, a put option should always be exercised early if it is 
sufficiently deep in the money. So it can be optimal to exercise an American put option on a 
non-dividend-paying stock early. As a result, answer A is correct. 


(See Topic 30) 
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Question from the 2010 FRM practice exam. 


18. C Buying a call option on a stock with a certain strike price and selling a call option on the 
same stock with a higher strike price and the same expiration date. 


A. Incorrect. Long position in a put combined with long position in a stock could limit only 
the downside risk. 

B. Incorrect. Short position in a put combined with short position in a stock could limit 
only the upside risk. 

C. Correct. Buying a call option on a stock with a certain strike price and selling a call 
option on the same stock with a higher strike price and the same expiration date could 
limit both the upside and downside risk. 

D. Incorrect. Buying a call and put with the same strike price and expiration date could limit 
only the downside risk. 

(See Topic 31) 


Question from the 2010 FRM practice exam. 


19. C The arbitrage opportunity involves IV, V, and VI. 


A. 
B. 


C. 


D. 


Incorrect. There exists an arbitrage opportunity on account of price differentials. 
Incorrect. As the futures price is lower than the observed price (future spot price), you 
need to long the futures and not short it. 

Correct. Such a strategy results in profit, as shown below. 

The future spot price is USD 0.7428: {0.7409 e ^ [0.05 * (3/12)]} + [0.0042 (1 + 0.05 
/ 12)3 + 0.0042 (1 + 0.05 / 12)? + 0.0042 (1 + 0.05 / 12)] = 0.7301 + 0.0127 = USD 
0.7428 

The futures price is USD 0.7415, which is lower than USD 0.7428. Hence you need to 
buy the futures, sell cotton spot and invest the funds in a risk-free bond so as to obtain a 
riskless profit of USD 0.0013 per pound. 


Incorrect. Borrowing and buying cotton spot does not result in a profit. 


(See Topic 33) 


Question from the 2010 FRM practice exam. 


20. B Contango 


Contango occurs when futures prices are higher than current spot, so in this case the risk-free 


rate is greater than the lease rate. 


Backwardation occurs when futures prices are less than spot, so in this case the lease rate is 
greater thau risk-fiee rate. Su, if lic lease rate is less than the risk-free rate, the futures price is 
above the current spot price. 


(See Topic 33) 


Question from the 2010 FRM practice exam. 


21. A Straddle strategy 


A straddle involves buying a call and a put for the same underlying at a given strike price. 
There is no basis risk. The other strategies have basis risk. 


(See Topics 31 and 33) 
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Question from the 2009 FRM practice exam. 


22. B 0.9333 
N= 0-7ax{ 32) 
0.27 
N = 0.9333 


A. Incorrect. Inverts the spot volatility and the futures volatility. 
C. Incorrect. Uses variances. 
D. Incorrect. Uses square roots of the volatilities. 


(See Topic 25) 
Question from the 2009 FRM practice exam. 


23. B 288 contracts 
No of contracts = [(0.75 — 1.1) / 1] * [300,100,000 / {250 * 1,457}] = -288.36 — sell 288 


contracts 


A. Incorrect. -617.9135209 = —1 * (0.75) * (300100000 / (250 * 1457)) 
C. Incorrect. 561.74 = —1(0.75 / 1.1) * (300100000 / (250 * 1457)) 
D. Incorrect. -906.273164 = —1 * (1.1) * (300100000 / (250 * 1457)) 


(See Topic 25) 
Question from the 2009 FRM practice exam. 
24. C USD 5.00 


According to the fundamental pricing relationship between spot assets and the associated 
futures, the futures price, to prevent arbitrage, should equal 990 x e*[(0.04 — 0.02) * 0.25] 
or 995. Hence, the futures contract is overvalued, indicating it should be sold and the index 
should be purchased for an arbitrage profit of USD 1000 — USD 995 = USD 5. 


(See Topic 27) 
Question from the 2009 FRM practice exam. 
25. B Short 98 contracts 


= Fe (z) 
8.4 


95,062.50 } (8.4 
N = 97.68 or 98 contracts 
A. Incorrect. This is made up. 


C. Incorrect. This leaves out the durations. 
D. Incorrect. This inverts the durations. 


(See Topic 28) 
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Question from the 2009 FRM practice exam. 


26. C The forward rate is normally lower than the futures rate 


As Eurodollar futures contract is marked to market and settled daily, normally forward rate is 
adjusted lower, so called convexity adjustment, by: 


1 
Forward rate = Futures rate — zo ah 


(See Topic 28) 
Question from the 2009 FRM practice exam. 


27. D Call swaption 


The question focuses on flexible management of borrowing expenses. While a fixed for 
floating swap could reduce borrowing expenses, it is a long-term contractual commitment to 
exchange payments. If interest rates decline, the borrower may gross up to the agreed fixed 
rate. An interest rate collar is a combination of an interest rate floor and cap, i.e., it locks 

in the interest expenses within a tight range. Moreover, collars usually offer interest rate 
protection at one particular point of time unless several contracts with different maturities 
are exchanged. A call swaption gives the company the right to enter into a swap when 

the borrowing expenses exceed a certain reference rate. If the reference rate is below the 
borrowing expenses, the option is not exercised. 


(See Topic 29) 
Question from the 2009 FRM practice exam. 


28. C Buying a call option, selling the stock and investing the proceeds at the risk-free rate. 


Buying a call option, selling the stock and investing the proceeds at the risk-free rate. Put-call 


parity states P=C-S+X eRT 


A. Incorrect. Buying a call option is correct, but the rest of the statement is incorrect. 
B. Incorrect. The entire statement is incorrect. 
D. Incorrect. Selling a call option is incorrect, but the rest of the statement is correct. 


(See Topic 30) 
Question from the 2009 FRM practice exam. 


29. C Trader C bought a call option at the existing spot levels and sold a call at a higher strike 
price, both with 90-days to expiration. 


The strategy popularly known as the bull spread will result in positive payoff when the spot 
rises. As inflation increases, spot levels in commodities are expected to rise. Selling a call at 
a higher level will reduce the cost of the strategy. Although it may limit the upside, but that 
would be in line with the view as only a moderate rise is expected in spot. 


A. Incorrect. The strategy popularly known as a straddle is to be used when the view is that 
the volatility in the market will rise, and there is no directional view on the spot. 

B. Incorrect. The above option will be suitable when the spot is expected to fall from the 
existing levels. 

D. Incorrect. The payoff in this case is similar to a short position in the spot and would 
make sense when the underlying is expected to fall. 


(See Topic 31) 
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Question from the 2009 FRM practice exam. 


30. D Bull Spread, Maximum Loss USD 2, Maximum Profit USD 3 


Buying a call option at lower stock price and selling call option at higher strike price is called 
a Bull Spread. Bear Spread is buying the call option at higher price and selling the call at 


lower strike price. 
The cost of the strategy will be USD 3 - USD 5 = -USD 2. 


The payoff, when the stock price Sq < 40 will be -USD 2 (the cost of strategy) as none of 
the options will be exercised. 


The payoff, when the stock price Sy 2 45, (as both options will be exercise) will be USD 5. 
Since the cost of strategy is 2, the profit will be USD 5 — USD 2 = USD 3. 


When stock price is USD 40 < Sq < USD 45, only the call option bought by the investor 
would be exercised, hence the payoff will be S;.— 40. Since the cost of strategy is -USD 3, 
the net profit will be S+ — 42, which would always be lower than USD 3 when the stock is 
less than 45. 


(See Topic 31) 
Question from the 2009 FRM practice exam. 
31. B Longa call option on USD/CHF and long a put option on USD/CHF with the same strike 


price and expiration date 


The question tests on understanding of a “straddle” strategy and its application on currency 
trading. A long straddle strategy involves buying (long) a call and put option with the same 
strike price and expiration date, and will benefit most when the underlying moves away from 
the current equlibrium. 


A. Incorrect. It sells a put option while it should buy one put. 
C. Incorrect. It sells a call option while it should buy one call. 
D. Incorrect. It sells both the call and put option while it should buy both. 


(See Topic 31) 
Question from the 2009 FRM practice exam. 


32. A Sell a call option with a certain strike price and buy a longer maturity call option with the 
same strike price 


(See Topic 31) 
Question from the 2009 FRM practice exam. 


33. B Backwardation 


A lease rate higher than the risk fee rate will force a negatively sloped forward curve, i.e. 


backwardation. 


A. Incorrect. The forward price = spot * e4(risk-free rate — lease rate). If the lease rate is 
higher than the risk free rate, forwards will be lower than spot, implying contango. 

C. Incorrect. The term inversion is used to describe yield curves, not commodity forwards. 

D. Incorrect. There is enough information in the question to provide an answer. 


(See Topic 33) 
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Question from the 2009 FRM practice exam. 


34. A Backwardation; Excess demand for A in early summer 


When further-term commodity forwards have lower price than near-term forwards, the market 
is said to be in ‘backwardation’. Possible explanation can be seasonality of product A—excess 
demand in early summer causes June forwards to have higher price. 


B. Incorrect. Market description is correct, but explanation is not—expected decline in 
supply should increase further-term commodity forward price. 

C. Incorrect. Wrong market description of contango. 

D. Incorrect. Wrong market description of contango. 


(See Topic 33) 
Question from the 2009 FRM practice exam. 


35. C 35.7% 


By formula Fy 7 = Sọe'T + C, where Fy + = June forward price, Sy = March forward price, r = 
risk free interest rate, T = length of cash-and-carry, C = storage cost 


Solving 5.90 = 5.35e" 2/12 + 0.05 
Solution is r = 35.7% 


A. Incorrect. 8.9 = LN((5.9 — 0.05) / 5.35) (forgets to annualize the return) 

B. Incorrect. 9.8= LN(5.9 / 5.35) (forgets to include the storage cost and to annualize the 
return) 

D. Incorrect. 39.1= (12 / 3)LN(5.9 / 5.35) — 0.05 (forgets to include the storage cost) 


(See Topic 33) 
Question from the 2009 FRM practice exam. 
36. D I, M, and IV 


Basis risk is spread risk, which arises from trading the spread (long and short 2 positively 
correlated assets or same asset with different expiration). 


I is spread trade in highly correlated asset with same expiration month. 
II faces gamma and vega risk. 

III is spread trade in trading the flattening of the forward curve. 

IV is spread trade in trading 2 assets with different expiration date. 
(See Topic 33) 


Question from the 2008 FRM practice exam. 
37. A 4.0%. 


O Professor's Note: The cost of carry is 5.5% — 1.5% = 4%. 


(See Topic 27) 
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Question from the 2008 FRM practice exam. 
38. A -1.270. 
Calculation 


(1) The value BY of yen-denominated bond: 

BY = 40 2%) 1 + 1040 e-25%) 2 -= 1028.487 

(2) The value BD of dollar-denominated bond: 
BD = 0.6 €(45%) 1 + 10.6 e(475%) 2 = 10,213 

(3) The value CY of yen-denominated coupons: 
CY = 40 € 2%) 1 4 40 23%) 2 = 77,257 

(4) The value CD of dollar-denominated coupons: 
CD = 0.6 45%) 1 4 0.6 e475% 2 = 1.119 


A. Correct. Value = By / 115 — Bp = 1028.487/115 — 10.213 = —1.270. 

B. Incorrect. It’s derived by missing to account for the principals: 
77.257/115 — 1.119 = -0.447 

C. Incorrect. It mixes up the values of paying vs. receiving. 

D. Incorrect. It mixes up the values of paying vs. receiving and does not account for the 
principals. 


(See Topic 29) 


Question from the 2008 FRM practice exam. 
39. B Fixed rate payer pays USD 25,000. 


A. Incorrect. The candidate incorrectly uses the LIBOR rate at the end of the period. 

B. Correct. Fixed rate payer pays USD25,000. See BELOW for details. 

C. Incorrect. The candidate forgets to add the 50 basis points to the beginning LIBOR rate. 

D. Incorrect. The candidate is confused about the cash flow direction. A net positive 
payment is paid by the fixed rate payer, not receiving. 


Computational Details for Numerical Answer: 

e Fixed rate payer pays 6%, therefore (0.06 / 2) x 10 million = USD 300,000. 

e Interest rate swaps have payments in arrears. Floating rate payer pays LIBOR rate at the 
beginning of period + 0.50%, i.e. 5 % + 0.50% = 5.5 %. 
Therefore the floating rate payment = (0.055 / 2) x 10 million = USD 275,000. 

¢ The net payment of USD 25,000 is paid by the fixed rate payer. 


(See Topic 29) 


Question from the 2008 FRM practice exam. 
40. C American options can easily be valued with Monte Carlo simulation 


It is hard to value American options with Monte Carlo simulation, because it uses a 
prospective approach rather than a retrospective one. 


A. Correct. American options can be exercise at any time. 

B. Correct. American options can be exercise at any time vs. only at maturity for European 
option, which make American option more valuable. 

C. Incorrect. It is very difficult to apply Monte Carlo retrospectively, 

D. Correct. We can value American options at each node of the binomial tree as if it could 
be different exercise dates. 


(See Topic 30) 
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Question from the 2008 ERM practice exam. 


41. C The time to expiration. 


A. 


B. 


D. 


Incorrect. An increase in the risk free rate will decrease PV(X) and necessarily increase the 

price of the European call. 

Incorrect. An increase in the stock price will necessarily increase the price of the European 
P y 


call. 


. Correct. Because dividends paid before the expiration of the option might decrease the 


value of the stock price, it is possible that the value of the call option will decrease as the 
time to expiration is increased passed scheduled dividend payout dates. 

Incorrect. An increase in the underlying stock price will necessarily increase the price of 
the European call. 


(See Topic 30) 


Question from the 2008 FRM practice exam. 
42. B Buy puts with a premium of USD 220,000 


A. 


B. 


Incorrect. This would not protect against a decline in the euro and would rather provide 
upside in case of appreciation of the euro. 
Correct. This would protect against a decline in the euro and the premium would be 


USD.022 x €10 million = USD220,000. 


. Incorrect. This would not protect against a decline in the euro and would rather make the 


investor subject to (theoretically) unlimited losses (writing naked calls); the amount of 
premium is also incorrect and should be USD.018 x €10 million = USD 180,000. 


. Incorrect. This would not protect against a decline in the euro and would rather protect 


against a decline in the US dollar; the amount of premium is also incorrect and should be 


USD.022 x €10 million = USD 220,000. 


(See Topic 31) 


Question from the 2008 FRM practice exam. 


43. C Collar 


A. 


Incorrect. The description is not for a bear spread. A bear spread is created by buying a 
nearby put and selling a more distant put. A bear spread can also be set up using calls. 


B. Incorrect. 

C. Correct. The description is for a collar strategy which limits changes in the portfolio value 
in either direction. In other words, a collar is defined around the current portfolio value. 

D. Incorrect. The description is not for a straddle. A straddle is created by buying a put and 
a call at the same strike price and expiration to take advantage of significant portfolio 
moves in either direction. 

(See Topic 31) 


Question from the 2008 FRM practice exam. 


44, A Stack and roll in the front month in oil futures. 


The oil term structure is highly volatile at the short end, making a front-month stack-and- 
roll hedge heavily exposed to basis fluctuations. In natural gas, much of the movement occurs 
at the front end, as well, so the 12-month contract won’t move as much. In gold, the term 
structure rarely moves much at all and won't begin to compare with oil and gas. 


(See Topic 33) 
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Question from the 2008 FRM practice exam. 


45. D 


I, IV, and VII are the only true statements 


The new harvest ‘resets’ the storage market. For a while, consumption and production occur 
directly from the new harvest, and prices are low. Prices begin to rise as storage begins to 
occur. As the next harvest approaches, inventory may get tight, sending the market into 


backwardation. 
(See Topic 33) 
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FINANCIAL MARKETS AND PRODUCTS 
call option payoff: C; = max (0, S;— X) 
put option payoff: P- = max (0, X — S,) 


forward contract payoff: payoff = S4- K 


where: 
S; = spot price at maturity 
K = delivery price 


basis = spot price of asset being hedged — futures price of contract used in hedge 


hedge ratio: HR = pgp os 
SF 


Covs F 
beta: >= = BsF 
OF 
7 Covs F 
correlation: p = ———— 
OISIF 


hedging with stock index futures: 


ortfolio value 
number of contracts = Bportfolio X | p | 


value of futures contract 


g ‘ portfolio value 
portfolio: | Picures price x contract multiplier 


adjusting the portfolio beta: number of contracts = (B* — p 
R mxXn 
discrete compounding: FV = al + z) 
m 


continuous compounding: FV = Ae®* 


forward rate agreement: cash flow (if receiving Rg) =Lx(Rx -R)x (T, - T,) 
cash flow (if paying Rg) =Lx(R-Rx)x(T, -T) 


forward price: Fy = Sge 
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Formulas 
forward price with carrying costs: Fy = (S)— 1) eT 
forward price when the underlying asset pays a dividend: F} = Sge 9T 


: # of days from last coupon to the settlement date 
accured interest = coupon x >A 
# of days in coupon period 


cash price of a bond: cash price = quoted price + accrued interest 


annual rate on a T-Bill: T-bill discount rate = 360 1199 — Y) 
n 


cheapest-to-deliver bond: quoted bond price — (QFP x CF) 
Eurodollar futures price = $10,000[100 — (0.25)(100 — Z)] 


convexity adjustment: 


actual forward rate = forward rate implied by futures — (0.5 x g? x t} x ty) 


PxDp 


duration-based hedge ratio: N = — 
Fx Dg 
T 


forward rate between T, and T,: Reward = Ro + (R3 — R} ) T 
aac | 


put-call parity: 
S =c- p +XeT 
p=c-S+Xet! 
c=S+p-Xetl 
Xeth =S+p—c 


lower and upper bounds for options: 


Option Minimum Value Maximum Value 
European call c> max (0, Sọ - Xe?) So 
American call C > max (0, Sọ- Xe) So 
European put p> max (0, XetT _ Sq) Xe? 
American put P > max (0, X— So) x 


bull call spread: profit = max(0, Sr — X; )- max(0, Sp - Xu )-— Cio + CHo 


bear put spread: profit = max(0,X y — Sy) — max(0, X; —S7)—Puo + Pro 
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butterfly spread with calls: 
profit = max(0, Sr — XE )—2max(0, Sr - Xp) + max(0, Sr — Xy) — Cro + 2CM0 = CHo 


straddle: profit = max(0,S7~ — X) + max(0,X — St)— Co — Po 
strangle: profit = max(0,Sy — Xy) + max(0, X; — Sr )— Co — Po 


variance of the basis: IS-F = OF) + oR — 20.57)0 RaPS,F 


2 
o 
hedge effectiveness = 1 — SOR 


ISe 
pricing a commodity forward with a lease payment: Foy = Soe* sa 
commodity forward pricing with storage costs: Foy = Set 
(r—c)T 


commodity forward pricing with convenience yield: Fy 7 = Soe 


T 
interest rate parity: forward = spot Atoe) 
a + tpe) 
forward = spot x elpe -toT 


nominal interest rate: 


exact methodology: (1 + r) = (1 + real r)(1 + E(i)| 
linear approximation: r 7 real + E(i) 
original-issue discount (OID) = face value — offering price 


dollar default rate: 


cumulative dollar value of all defaulted bonds 


(cumulative dollar value of all issuance) x (weighted average # of years outstanding) 


Page 220 ©2012 Kaplan, Inc. 


USING THE CUMULATIVE Z-LABLE 


Probability Example 


Assume that the annual earnings per share (EPS) for a large sample of firms is normally 
distributed with a mean of $5.00 and a standard deviation of $1.50. What is the 
approximate probability of an observed EPS value falling between $3.00 and $7.25? 


If EPS = x = $7.25, then z = (x — u)/o = ($7.25 — $5.00)/$1.50 = +1.50 
If EPS = x = $3.00, then z = (x — u)/o = ($3.00 — $5.00)/$1.50 = -1.33 


For z-value of 1.50: Use the row headed 1.5 and the column headed 0 to find the value 
0.9332. This represents the area under the curve to the left of the critical value 1.50. 


For z-value of —1.33: Use the row headed 1.3 and the column headed 3 to find the value 
0.9082. This represents the area under the curve to the left of the critical value +1.33. The 
area to the left of —1.33 is 1 — 0.9082 = 0.0918. 


The area between these critical values is 0.9332 — 0.0918 = 0.8414, or 84.14%. 
Hypothesis Testing — One-Tailed Test Example 


A sample of a stock’s returns on 36 non-consecutive days results in a mean return of 2.0%. 
Assume the population standard deviation is 20.0%. Can we say with 95% confidence that 
the mean return is greater than 0%? 

Hg: u < 0.0%, Hy: p > 0.0%. The test statistic = z-statistic = > AA 

= (2.0 — 0.0) / (20.0 / 6) = 0.60. oie 


The significance level = 1.0 — 0.95 = 0.05, or 5%. 


Since this is a one-tailed test with an alpha of 0.05, we need to find the value 0.95 in the 
cumulative z-table. The closest value is 0.9505, with a corresponding critical z-value of 
1.65. Since the test statistic is less than the critical value, we fail to reject Ho. 


Hypothesis Testing — Two-Tailed Test Example 


Using the same assumptions as before, suppose that the analyst now wants to determine if 
he can say with 99% confidence that the stock’s return is not equal to 0.0%. 


Ho: u = 0.0%, Hy: y = 0.0%. The test statistic (z-value) = (2.0 — 0.0) / (20.0 / 6) = 0.60. 
The significance level = 1.0 — 0.99 = 0.01, or 1%. 


Since this is a two-tailed test with an alpha of 0.01, there is a 0.005 rejection region in both 
tails. Thus, we need to find the value 0.995 (1.0 — 0.005) in the table. The closest value is 
0.9951, which corresponds to a critical z-value of 2.58. Since the test statistic is less than 
the critical value, we fail to reject Hy and conclude that the stock’s return equals 0.0%. 
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P(Z) <z 


CUMULATIVE Z-TABLE 
P(Z < z) = N(z) forz> 0 
P(Z < -z) = 1 - N(2) 


a o [oor [em [00 [aor] 005 | 006 | 007 
Oo ë 


i i ae a 
a727 | oan [07324 
Tossi Lo 


it | = 


0.08 0.09 


0.5359 


0.7190 | 0.7224 
0.7517 | 0.7549 
0.7823 | 0.7852 
0.8106 | 0.8133 
0.8365 | 0.8389 


Oo 


a le 


© 
aN 


.9 
E mee a E a a eee 


| | ars eee re ee ee eee 


Oo | a 
a eee 


| ee ry E 


© Oo 
N 


= es ee eee == 


ee ae | 
0.9945 0.9948 0.9951 | 0.9952 
0.9975 0.9979 0.9980 | 0.9981 


EA 
ee ee a ee ee 3 = 


3 0.9989 0.9990 | 0.9990 


2.6 
2.7 
2.8 

9 


2 
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P(0.0<Z<z) 


ALTERNATIVE Z-LABLE T 
P(Z < 2) = N(2) forz > 0 
P(Z < -z) = 1 - N(2) 


Tz [ono [oor [ 002 J oos | oo | oos | oos | oo | oo | 00 | 
[o.0 | a0000 | ooo [00080 | 0.0120 [00160 | 0.0199 | 00239 | 00279 | 0.0319 | 0.0359 | 
OoOo ü aa ae any 


= El Co eo Ne | = a 

0.2190 

0.2486 | 0.2517 

0.9 0.3315 | 0.3340 | 0.3356 
E es 


0.2224 
0.2549 
0.2852 
0.3133 
0.3389 


0.3577 
0.3790 
0.3980 
0.4147 


0.3599 
0.3810 
0.3997 
0.4162 


0.3621 
0.3830 
0.4015 
0.4177 


— Pepe 


i 


e ee | a ae | aa 


aa ee e] Ss ae ees eee 


bt —— Eo be = =a 


Ey as a a ee ee ee es 


a 


Say ee a eee ee Eee ee 


== 
0.4990 
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INDEX 


A 


absolute advantage 82 

accrued interest 67 

alternative delivery procedure 135 
American options 14 

arbitrage opportunity 13, 133 
arbitrageurs 13, 15, 133 


B 


backwardation 63, 146 
basis 21, 134, 152 
basis point 49 

basis risk 31, 134, 152 
bear call spread 114 
bear put spread 114 
bid-ask spread 14 

bid price 14 

bill of lading 131 
bond indenture 172 
bootstrapping 44 

box spread 117 
breakeven price 110 
bull call spread 113 
businessman’s risk 178 
butterfly spread 115 


C 


calendar spread 116 

call option 4, 14, 108 

call premium 5 

call provision 176 

caplets 124 

cap payoff 126 

cap rate 124 

carry market 147 
cash-and-carry arbitrage 142 
cash-settlement contract 24 
cheapest-to-deliver bond 70 
clean price 68 
clearinghouse 22, 131 
clearing margin 23 

closed out 24 

collar 120 

collateralization 23 
collateral trust bonds 174 
Commodity Futures Trading Commission 


(CFTC) 25, 130 


commodity spread 151 
commodity swap 91 
comparative advantage 82 
compounding 41 
confirmations 82 
consumption asset 55 
contango 63, 146 
continuous compounding 41 
convenience yield 61, 148 
conversion factors 70 
convertible debentures 175 
convexity 49 

corporate trustee 172 
coupon 173 

covered call 113 

crack spread 151 

credit default risk 177 
credit risk 132 

credit spread 177 

credit spread risk 177 
cross hedge 32, 154 

crush spread 151 

currency swap 87 


D 


day count conventions 67 
debentures 175 
deferred-coupon structures 179 
deferred-interest bond 173 
delivery 24 

delivery options 62 
delivery risk 132 

derivative 14 

derivative markets 3 
diagonal spread 117 

dirty price 68 

discrete compounding 41 
discretionary order 25 
dollar default rate 179 
dollar duration 49 
duration 48 


duration-based hedge 74 
E 


electronic trading system 3 
equipment trust certificates 175 
equity swap 90 

European options 14 
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event risk 178 

exchangeable debentures 175 
exchange for physicals 24, 135 
exchange members 131 

exotic swap 91 

expectations model 62 
expectations theory 51 
expected inflation rate 167 
expiration 14 


F 


fallen angels 179 

fiduciary call 99 

fill-or-kill orders 25 
financial intermediaries 82 
fixed-price call 176 
floating-rate bonds 173 
floor brokers 131 

floorlets 125 

floor payoff 126 

floor rate 124 

floor traders 131 

forward contracts 4, 14, 56, 130 
forward curve 141 
forward exchange rate 164 
forward prices 56 

forward rate agreement 47 
forward rates 46 

forward strip 141 
free-on-board (FOB) 132 
funding liquidity risk 135 


futures commission merchants 131 


futures contracts 4, 14, 56, 130 


G 


good-till-canceled (GTC) orders 25 


guaranteed bonds 175 
H 


hedge accounting 26 
hedge effectiveness 33, 135 
hedgers 8, 14, 19, 132 
high-yield bonds 178 


I 


income bonds 173 
initial margin 21 
interest rate cap 124 
interest rate collar 128 
interest rate floor 124 
interest rate parity 166 
inverse floater 40 
inverted market 23 
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investment asset 55 
issuer default rate 179 


L 


law of one price 134 

lease rate 140, 145 
leverage 10 

leveraged buyouts 179 
LIBOR 40 

limit down 20 

limit orders 25 

limit up 20 

liquidity preference theory 51 
long hedge 30 

long position 14, 19 

lower bound for options 98 


M 


maintenance and replacement fund 176 
maintenance margin 21 
make-whole call 176 

margin 21 

market depth 135 
market-if-touched (MIT) orders 25 
market maker 14 

market orders 25 

market segmentation theory 51 
maturity date 172 

modified duration 49 

mortgage bonds 174 


N 


negative net exposure 159 

net position exposure 159 
nominal interest rate 168 
normal backwardation 63 
normal market 23 

notice of intention to deliver 24 


O 


off-balance-sheet hedging 164 
offer price 14 

offsetting trade 24 
on-balance-sheet hedging 163 
open interest 19, 136 

open orders 25 

open outcry system 3 

optimal hedge ratio 33 

option contract 4 
original-issue discount 173 
over-the-counter (OTC) marker 3 
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P 


participating bonds 173 
par yield 44 
payment-in-kind bond 173 
plain vanilla interest rate swap 80 
poison put 178 

portfolio insurance 112 
positive net exposure 159 
premium 110 

price discovery 131 

price risk 132 

protective put 100, 112 
put-call parity 99 

put option 6, 14, 111 


put premium 6 


R 


real interest rate 167 

recovery rate 180 

reinvestment risk 174 

repo rates 40 

reset bonds 179 

restructurings 179 

reverse cash-and-carry arbitrage 143 
reverse trade 24 

rolling the hedge forward 36 


rollover risk 36 


S 


settlement price 23 

short hedge 30 

short position 19 

short sales 55 

short squeeze 55 

sinking fund provision 176 
speculators 10, 15, 19, 133 
spot contracts 14, 130 
spot price 130 

spot rate 42 

spread duration 178 

stack and roll 153 

stack hedge 153 

stop-limit orders 25 
stop-loss orders 25 

storage costs 61, 147 
straddle 117 
straight-coupon bonds 173 
strangle 118 

strap 119 

strike price 14 

strip hedge 153 
subordinated debenture bonds 175 
swaption 91 


T 


tailing the hedge 34 
T-bond futures 70 
tender offers 177 

tick size 20 

time-of-day order 25 
transportation risk 132 
Treasury rates 40 

Trust Indenture Act 172 


U 


unhedged position 133 
upper bound for options 98 


V 


variation margin 22 
volatility swap 91 
volume 136 


W 
weather derivatives 155 
Z 


zero-cost collar 120 
zero-coupon bonds 173 
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